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PART I
I n t r o d u c t io n ,  M a te r i a l  and  M ethods 
and  U n its  o f M easurem ent
1
P a r t  I
I
I n t r o d u c t io n
ftWe h a v e  u s u a l ly  no know ledge t h a t  any  one f a c t o r  w i l l  j 
e x e r t  i t s  e f f e c t s  In d e p e n d e n tly  o f a l l  o th e r s  t h a t  can  j 
| b e  v a r i e d ,  o r  t h a t  i t s  e f f e c t s  a r e  p a r t i c u l a r l y  s im p ly !
r e l a t e d  t o  v a r i a t i o n s  i n  th e s e  o t h e r  f a c t o r s ........................ j
: ttI f  t h e  i n v e s t i g a t o r ,  i n  t h e s e  c i r c u m s ta n c e s ,  c o n f in e s !
! h i s  a t t e n t i o n  t o  any  s i n g l e  f a c t o r ,  we may i n f e r
I |
e i t h e r  t h a t  he i s  th e  u n f o r tu n a te  v i c t im  o f a  d o c t r i n -  i 
a i r e  th e o r y  a s  t o  how e x p e r im e n ta t io n  s h o u ld  p ro c e e d , |
o r  t h a t  t h e  t im e ,  m a t e r i a l  o r  equ ipm en t a t  h i s
; !
! d i s p o s a l  i s  to o  l im i te d  t o  a llo w  h im  t o  g iv e  a t t e n t i o n
; t o  more th a n  one narrow  a s p e c t  o f h i s  p ro b le m .*1
The need  t o  rem em ber t h e s e  w ords o f  H 4 *  j
j
F i s h e r  h a s  b e e n  r e p e a t e d ly  em p h asised  i n  t h e  r e a lm  o f j 
a n im a l  b r e e d in g  by  t h e  vo lum inous l i t e r a t u r e  on j
l a c t a t i o n  s t u d i e s  w h ich  h a v e  o f t e n  d e a l t  o n ly  w i th  
p a r t i c u l a r  a s p e c t s  o f th e  e n t i r e  p ro b le m . I t  h a s  n o t  j  
! a lw ay s  b e e n  r e a l i s e d  t h a t  t h e  r e a c t i o n s  o f  th e  d a i r y
! cow t o  s u c h  e n v iro n m e n ta l  f a c t o r s  a s  m onth o f  c a l v in g ,
| 1 
; l e n g th  o f c a lv in g  i n t e r v a l s  and  a g e  a t  c a l v in g ,  may n o t
j  ;
! b e  a s  s t r a ig h t f o r w a r d  a s  i t  w ould a p p e a r  a t  f i r s t  s i g h t .
! The i n t e r - r e l a t i o n s  among th e s e  f a c t o r s  th e m se lv e s  may j 
!  i
be so  com plex t h a t  any  a t te m p t  a t  s t u d i e s  i n  h e rd
a n a l y s i s  w i th o u t  a d e q u a te  a llo w a n c e  f o r  s u c h  com plex-
i i t i e s  w ould b e  b e s e t  w i th  num erous p i t f a l l s ,  and  m ig h t j
j  l e a d  t o  f a u l t y  c o n c lu s io n s .  The p r e s e n t  t h e s i s  I s
! ;
I t h e r e f o r e  d e v o te d  I n  p a r t  t o  a  s tu d y  o f th e  e n v ir o n -  !
m e n ta l  f a c t o r s  in f lu e n c in g  d a i r y  c a t t l e  p r o d u c t io n ,  an d j 
t h e i r  i n t e r - r e l a t i o n s h i p s .  j
I
I t  i s  w e l l  r e c o g n is e d  t h a t  t h e  p e rfo rm an c e  o f | 
a  d a i r y  cow i s  in f lu e n c e d  n o t o n ly  by  e n v iro n m e n ta l  
f a c t o r s  b u t  a l s o  b y  h e r  h e r e d i t a r y  p o t e n t i a l i t i e s  f o r  
p r o d u c t io n .  When one w ish e s  t o  im prove th e  p ro d u c t iv e  |
l e v e l  o f  a  h e rd  o r  b r e e d  of d a i r y  c a t t l e ,  i t  i s  j
iim p o rtan t t o  know how g r e a t  a  ch an g e  c a n  be b ro u g h t j
h b o u t fro m  one g e n e r a t io n  t o  a n o th e r  b y  c o n s t r u c t iv e  
b r e e d in g .  O nly a  s e l e c t i o n  b a s e d  on g e n e t i c a l l y  c a u se d  
d i f f e r e n c e s  b e tw een  in d iv id u a l s  w i l l  b e  o f  any  l a s t i n g  
lvalue  th ro u g h  an  im provem ent in  th e  h e r i t a b l e  q u a l i t i e s  
o f  th e  fo l lo w in g  g e n e r a t i o n .  An a c c u r a t e  e v a l u a t i o n  o f 
th e  g e n e t ic  and  e n v iro n m e n ta l  c a u se s  o f  v a r i a t i o n  i s  
t h e r e f o r e  o f fu n d am e n ta l im p o rta n c e  t o  a n y  p r o g r e s s iv e  
p o l i c y  o f  c a t t l e  b r e e d in g .
D i f f e r e n t  l i n e s  o f a p p ro a c h  h av e  been  
Recommended b y  v a r io u s  i n v e s t i g a t o r s  a s  b e in g  m ost j
l i k e l y  t o  p ro v e  f r u i t f u l  I n  r e l a t i o n  t o  t h i s  p ro b le m , 
jrhe m ethod o f e x p la in in g  th e  v a r i a t i o n  i n  d a i r y  c a t t l e  
p e rfo rm a n c e  b y  a s s ig n in g  g en e  sym bols t o  th e  a n im a lsi i
! :
R e c o rd in g  to  t h e i r  l e v e l  o f p r o d u c t io n ,  h a s  b e e n  
R tte m p te d  by  s e v e r a l  w o rk e rs  -  n o ta b ly  W ilso n  (1911 , j
1925) and von  Patow (1 9 2 5 , 1 9 3 0 ) . Even a s  l a t e  a s  1934J 
iS ro n ach er em p h asised  t h a t  th e  t a s k  o f  a n im a l  b re e d in g  j
R o u ld  b e  v e ry  much e a s i e r  i f  r e s e a r c h  w ere  c o n d u c ted  j
!
R long  s i m i l a r  l i n e s  w i th  a  v iew  t o  o b ta in in g  th e  
jlflendelian l i s t  o f  g e n es  in v o lv e d  and  t h e i r  dom inance  
jand l in k a g e  r e l a t i o n s .  F a s c in a t in g  a s  t h i s  s u g g e s t io n
t o  have  a  co m p le te  s c i e n t i f i c  know ledge o f  th e  g e n e t i c  
m ake-up o f  a  d a i r y  cow may a p p e a r ,  i t s  I m p r a c t i c a b i l i t y  
h as b e en  d i s c u s s e d  by Lush (1 9 3 6 ) i n  h i s  re v ie w  of 
K ro n a ch e r* s  w ork  w here  he s a y s ,  tfHow w ould t h e  a u th o r  
( P r o f :  K rona c h e r )  an d  th o s e  who h o ld  s i m i l a r  v iew s 
a d v is e  th e  b r e e d e r  t o  p ro c e e d  e v e n  i f  h e  h ad  p e r f e c t  
know ledge o f  th e  genes and t h e i r  i n t e r - r e l a t i o n s  b u t
ii
i f  t h e r e  w ere  10 o r 20 o r  more p a i r s  o f genes a f f e c t i n g  
e a c h  Im p o r ta n t  c h a r a c t e r i s t i c ?  In  s h o r t ,  t h e  r e v ie w e r  
w ould l i k e  t o  s e e  t h i s  r e a s o n in g  e x te n d e d  to  n  g en es 
t o  s e e  w h e th e r  su c h  know ledge a b o u t th e  i n d iv i d u a l  g en ^s 
w ould  a f t e r  a l l  b e  v e r y  u s e f u l ,  s in c e  i n  t h e i r  
s e g r e g a t io n s  an d  re c o m b in a t io n s  th e  g e n es  w ould  b e  
o b e y in g  th e  law s o f  M endelism  w hich  a u to m a t i c a l l y  
r e s u l t  i n  a n  o f f s p r i n g  p o p u la t io n  w h ich  i s  d i s t r i b u t e d  
n e a r ly  l i k e  th e  s q u a re  o f  th e  r a t i o  among th e  gam etes 
fro m  i t s  p a r e n t s .  T h a t g a m e tic  r a t i o  i s  so m e th in g  l ik R  
a  b in o m ia l  r a i s e d  to  t h e  t l p o w e r. From t h i s  I t  seem s
t o  f o l lo w  t h a t  as  so o n  a s  we em bark on a  b r e e d in g
program m e d e a l in g  w i th  a n y th in g  e x c e p t  c h a r a c t e r s  
i n h e r i t e d  i n  a  s im p le  m an n e r, s u c h  a s  c o lo u r ,  th e  
p ro b lem  becom es to o  com plex t o  k eep  t r a c k  o f s i n g l e  j
g e n e s .w I t  i s  c l e a r  t h a t  i f  L ush f s a n a l y s i s  i s  j
a c c e p te d ,  l i t t l e  p ro g r e s s  may b e  e x p e c te d  fro m  t h i s  j
m ethod o f  s tu d y .
i
A seco n d  m ethod o f  a p p ro a c h  l i e s  I n  th e  j
r e g i o n  o f  p la n n e d  e x p e r im e n ta t io n ,  in v o lv in g  th e
i
e x p e r im e n ta l  c o n t r o l  o f  a l l  e n v iro n m e n ta l  f a c t o r s  !
j
a f f e c t i n g  p r o d u c t io n .  The number o f n o n - g e n e t ic
c a u s e s  o f  v a r i a t i o n  i s  how ever so  g r e a t ,  and some w h ic h
b e lo n g  t o  th e  r e a lm  o f  th e  i n t e r n a l  p h y s io lo g ic a l
e n v iro n m en t a r e  so  much beyond th e  c o n t r o l  o f th e  
; e x p e r im e n te r ,  t h a t  co m p le te  e n v iro n m e n ta l  c o n t r o l  d o es  
| n o t  seem  f e a s i b l e .  I n  r e c e n t  y e a r s ,  i d e n t i c a l - t w i n
I r e s e a r c h ,  p a r t i c u l a r l y  i n  Sweden an d  New Z e a la n d , h a si
I opened up new p o s s i b i l i t i e s ,  w hereby  p a i r s  o f  cows 
w i th  a n  i d e n t i c a l  g e n e t ic  com plex c o u ld  be s u b je c te d  
t o  v a r io u s  e n v iro n m e n ta l  f a c t o r s  i n  o rd e r  t o  s tu d y  j
t h e i r  r e s p e c t i v e  r e s p o n s e s .  Though e x tre m e ly  v a lu a b le ; ,  
a  s e r io u s  l i m i t a t i o n  i s  Im posed on t h i s  m ethod by  th e
1
I
v e ry  s m a ll  f re q u e n c y  of i d e n t i c a l - t w i n  b i r t h s  a s  i
i
com pared w i th  s i n g l e  b i r t h s .  U n t i l  su c h  tim e  a s  a  
l a r g e r  p e rc e n ta g e  o f  i d e n t i c a l - t w i n  b i r t h s  c o u ld  b e  
In d u ce d  by  e x p e r im e n ta l  te c h n iq u e s  in v o lv in g  a r t i f i c i a l  
b l a s to m e r ic  s e p a r a t i o n ,  r e s e a r c h  w i th  i d e n t i c a l - t w i n s  
w i l l  n o t  b e  a  u n i v e r s a l  p o s s i b i l i t y .
!  j
| A t h i r d  m ethod  in v o lv in g  th e  s t a t i s t i c a l  |
! a n a l y s i s  o f  p r o d u c t io n  f i g u r e s  o f  cows l i v i n g  u n d e r  j
j  I
j  n a t u r a l  c o n d i t io n s  o f  e n v iro n m e n t, i s  th e  one t h a t  h a s  j  
j  b e e n  w id e ly  u se d  f o r  s t u d i e s  i n  h e rd  a n a l y s i s .  |
E n r ic h e d  by  th e  r e c e n t  r e s e a r c h e s  o f  F i s h e r  and o th e r  
s t a t i s t i c i a n s ,  i t s  p r a c t i c a l  a p p l i c a t i o n  t o  th e  s c i e n c e  
o f  a n im a l b r e e d in g  h a s  b e e n  d e v e lo p e d  e x te n s iv e ly  by 
| L ush  and h i s  c o -w o r k e r s .  I t  i s  t h i s  m ethod  t h a t  h a siI
| b e e n  u se d  th ro u g h o u t  th e  p r e s e n t  s tu d y .  I t  in v o lv e s
|
t h e  a s s e s s m e n t ,  u n d e r  p ro p e r  s t a t i s t i c a l  c o n t r o l ,  o f
i
th e  i n f lu e n c e  o f  known e n v iro n m e n ta l  f a c t o r s  on 
p r o d u c t io n ,  a n d  th e  s u b s e q u e n t s t a n d a r d i s a t i o n  o f  th e  j
l a c t a t i o n  r e c o rd s  w henever n e c e s s a r y ,  w i th  a  view  t o
e l im in a t in g  th e  e f f e c t  o f th e s e  e n v iro n m e n ta l  in f lu e n c e ^ .
, |
T hese  s t a n d a r d i s e d  r e c o rd s  a r e  th e n  u s e d  f o r  m ore
| |
|a c c u r a t e  e s t im a t io n s  o f  h e r i t a b i l i t y  t h a n  c o u ld  b e  !
(o b ta in e d  fro m  raw  d a t a .
!
| I t  i s  beyond  th e  sc o p e  o f t h e  p r e s e n t  t h e s i s
t o  re v ie w  th e  v e ry  e x te n s iv e  l i t e r a t u r e  on d a i r y  c a t t l e  
p r o d u c t io n .  S uch  re v ie w s  h av e  b e e n  made fro m  t im e  to
t im e  b y  d i f f e r e n t  a u th o r s  (von  Patow  1926 , B uchanan j
S m ith  and R ob ison  1933 , B uchanan S m ith  1939 , and  S h ro d e  
an d  Lush 1 9 4 7 ) . R e fe re n c e  w i l l  how ever b e  made i n  th e  
a p p r o p r i a t e  s e c t io n s  o f  t h i s  t h e s i s  t o  t h o s e  p a p e r s  
germ ane t o  th e  s u b je c t s  u n d e r d i s c u s s i o n .
M a te r ia l and Methods |
The c h o ic e  o f r e l i a b l e  and r e p r e s e n t a t i v e  m a t e r i a l  i s
fu n d a m e n ta l  to  a l l  g e n e t l e a l  r e s e a r c h .  A c c o rd in g ly , |
th e  b e s t  ty p e  o f  p ro d u c t io n  r e c o r d  t h a t  c o u ld  b e  j
em ployed f o r  s t u d i e s  i n  h e rd  a n a l y s i s ,  i s  t h a t  o b ta in e d '
| !
fro m  a c c u r a t e  and  d a i l y  r e c o rd s  o f e ac h  cow. B u t, j
d e t a i l e d  i n q u i r i e s  i n t o  th e  sy s te m  o f  r e c o r d in g  i n  j
S c o t la n d  r e v e a le d  t h a t  th e  number o f  farm s m a in ta in in g  I
i i
d a i l y  l a c t a t i o n  r e c o rd s  i s  s u r p r i s i n g l y  s m a l l .  Owing
j !
t o  th e  p a u c i ty  o f  su c h  d a t a ,  i t  was d e c id e d  t o  r e s o r t  
t o  th e  o f f i c i a l  r e c o r d s  m a in ta in e d  by  th e  S c o t t i s h  M ilk  
R e c o rd in g  A s s o c ia t io n .  T h ese  o f f i c i a l  r e c o r d s  a r e  
b a se d  on m easurem ents made once in  e v e ry  14 t o  28 days 
by  r e c o r d e r s  a p p o in te d  by th e  A s s o c ia t io n .  The m ilk  
y i e l d  o f  e v e ry  cow on th e  fa rm  v i s i t e d  by  th e  r e c o r d e r  
I s  w e ighed  ov e r a  p e r io d  o f  24 h o u rs  and e n te r e d  in  t h e  
m ilk  r e c o r d  book  s p e c i a l l y  k e p t  f o r  th e  p u rp o s e .  E ach 
d ay  o f v i s i t  i s  r e g a rd e d  a s  t h e  m id d le  d ay  o f  t h e
I i
p e r io d  c o v e re d  by  th e  t e s t ,  an d  th e  t o t a l  y i e l d  f o r  th e  |
|p e r io d  i s  o b ta in e d  by  m u l t ip ly in g  th e  a c t u a l  y i e l d  on j
I t h e  d a y  o f t e s t  b y  th e  num ber o f  days c o v e re d  b y  th e
i I
| t e s t .  The b u t t e r f a t  p e r c e n ta g e  o f th e  m ilk  p ro d u ce d  by
-  ii
e a c h  cow I s  a l s o  d e te rm in e d  fro m  a  random  sam ple  of th e jl
m ilk  by  t h e  G e rb e r m eth o d . The p ro d u c t io n  of b u t t e r f a t  j
I
f o r  th e  p e r io d  i s  th e n  c a l c u l a t e d  b y  m u l t ip ly in g  th e  j  
jy ie ld  o f m ilk  b y  th e  p e rc e n ta g e  o f  b u t t e r f a t .  ]
Most i n v e s t i g a t o r s  i n  S c o t la n d  h a v e ,  i n  th e  ji j
jp a s t ,  em ployed th e s e  o f f i c i a l  r e c o r d s  f o r  t h e i r  s t u d i e s |
(w ith o u t, h o w ev er, a s c e r t a i n i n g  w h e th e r  s u c h  r e c o r d s  a r e  | 
i !
( s u f f i c i e n t l y  a c c u r a t e  e s t im a te s  o f  t r u e  m ilk  y i e l d s .
B uchanan S m ith  (1948) seem s t o  b e  t h e  o n ly  w r i t e r  who 
h as  r e c o g n is e d  th e  im p o rtan c e  o f  t h i s  i n  i n t e r p r e t i n g  
th e  r e s u l t s  o f  a  c o n s t r u c t iv e  b r e e d in g  p o l i c y .
A n a l y t i c a l  w ork  I n  d a i r y  c a t t l e  p r o d u c t io n  i s  fu n d a ­
m e n ta l ly  c o n d i t io n e d  by t h e  a c c u ra c y  w i th  w h ich  th e  
a v a i l a b l e  r e c o r d s  i n d i c a t e  a c t u a l  d i f f e r e n c e s  i n  j
p ro d u c in g  a b i l i t y .  A p r e l im in a r y  i n v e s t i g a t i o n  in to  j
ii i
t h e  u s e f u ln e s s  o f  t h e  o f f i c i a l  S c o t t i s h  M ilk  r e c o r d s  j 
f o r  g e n e t i c a l  p u rp o s e s  was t h e r e f o r e  made a t  th e  |
commencement o f  th e  p r e s e n t  w o rk . The r e s u l t s  o f  t h i s  j 
i n v e s t i g a t i o n  a r e  p r e s e n te d  i n  a  su b s e q u e n t s e c t i o n .  j 
The c o l l e c t i o n  an d  t a b u l a t i o n  o f  d a t a  f o r  th e  
m ain  i n v e s t i g a t i o n  was u n d e r ta k e n  a s  t h e  n e x t s t e p .
A lth o u g h  m ilk  and b u t t e r f a t  r e c o r d in g  h a s  
b e e n  i n  p ro g re s s  f o r  a  num ber o f y e a r s  i n  S c o t la n d ,  i t  
was c o n s id e r e d  d e s i r a b l e  t o  r e s t r i c t  t h e  p r e s e n t  s tu d y  
t o  a  f a i r l y  hom ogeneous p e r io d  o f y e a r s  d u r in g  w h ic h  no 
d r a s t i c  changes in  f e e d in g  and m anagem ent had  ta k e n  
p l a c e .  T h is  s e l e c t i o n  was n e c e s s a r y  i n  th e  l i g h t  o f  
p r e s e n t - d a y  know ledge o f  th e  d i s t u r b i n g  I n f lu e n c e  o f 
changes i n  h e rd  m anagem ent on g e n e t  i c a l  s t u d i e s .  In  
(co n seq u en ce , th e  t e n  y e a r  p e r io d  f ro m  1930 to  1939 was j 
jc h o se n . T h is  o b v ia te d  t h e  n e c e s s i t y  o f  a t t e m p t in g  t o  
j c o r r e c t  f o r  v a r i a t i o n s  In  f e e d - s u p p ly  an d  t h e i r  c o n -
i
Ico m itan t e f f e c t s  on m ilk  and  b u t t e r f a t  p r o d u c t io n
i
e x p e r ie n c e d  d u r in g  th e  l a t e r  w ar y e a r s .  P e r s o n a l  v i s i t s  
b y  th e  a u th o r  t o  o v e r  tw e n ty  h e rd s  o f  A y r s h ir e  c a t t l e
i
i n  S c o t la n d  r e v e a l e d ,  h c w e v e r , t h a t  e v e n  w i th  t h i s  
r e s t r i c t i o n  i n  th e  p e r io d  o f  y e a r s ,  th e  u tm o s t c a u t io n
8
was s t i l l  demanded i n  th e  c h o ic e  o f th e  h e rd s  f o r  s tu d y ;, 
A p a r t  fro m  th e  d r a s t i c  e f f e c t s  in d u c e d  by  s u c h  a  m a jo r  j 
c a ta s t r o p h e  a s  w a r , changes i n  e n v iro n m e n ta l  c o n d it io n s !
I
due  t o  o th e r  r e a s o n s  s u c h  as  th e  sudden  in c id e n c e  o f  !
i
m a s t i t i s  o r  a b o r t i o n  on  a  l a r g e  s c a l e ,  o r  even  r a d i c a l  |
i
changes i n  b y re  s t a f f ,  a l s o  te n d  t o  re d u c e  p ro d u c t io n  
c o n s id e r a b ly .  F o r  th e s e  r e a s o n s ,  s e v e r a l  h e rd s  w h ich  
m ig h t o th e rw is e  have  b e e n  u s e d ,  w ere  e x c lu d e d  fro m  th e  j  
p r e s e n t  i n v e s t i g a t i o n .  No o th e r  k in d  o f s e l e c t i o n  |
o c c u r re d  i n  c o l l e c t i n g  th e  m a t e r i a l  f o r  t h i s  w o rk .
T w elve h e rd s  o f  p e d ig re e  A y rs h ir e  c a t t l e  
lo c a te d  i n  s o u th -w e s t  S c o t la n d  w ere  f i n a l l y  u se d  a s  th e j
i
b a s i s  f o r  t h e  i n v e s t i g a t i o n s  p r e s e n te d  i n  t h i s  t h e s i s ,  j
F o r c o m p i la t io n  o f  th e  d a t a ,  th e  o r i g i n a l  r e c o r d  b ooks j
!
o f  th e  12 h e rd s  w ere  o b ta in e d  fro m  th e  h e rd  o w n e rs , andj 
a l l  t h e  r e c o r d s  (num bering  a b o u t 5 ,0 0 0 )  w ere a b s t r a c t e d  
and  u t i l i z e d ,  e x c e p t w here  i l l n e s s  o r d i s e a s e  had  
o b v io u s ly  d e c re a s e d  p r o d u c t io n .  I n  o rd e r  to  e n s u re  
a c c u r a c y ,  a l l  f i g u r e s  o f  e v e ry  t e s t i n g  day o f  e v e ry  cow! 
!and l a c t a t i o n  w e re  c o p ie d  o u t on s p e c i a l l y - p r e p a r e d  j  
s h e e t s ,  s o  t h a t  t h e  u l t i m a t e  ^com puta tions w ould  b e  s e l f *  
c h e c k in g .  The d a ta  p e r t a in i n g  t o  th e  d i f f e r e n t  
l a c t a t i o n s  o f th e  same cow w ere  t r a c e d  th ro u g h  th e  
d i f f e r e n t  y e a r s  and d e t a i l e d  a c c o r d in g ly ;  th e r e b y  a l l  
a v a i l a b l e  in f o rm a t io n  r e l a t i n g  t o  a  p a r t i c u l a r  cow was 
c o l l e c t e d  i n  com pact fo rm . T h is  c o n ta in e d  i n  a d d i t i o n  j
i
t o  m i lk ,  b u t t e r f a t  and b u t t e r f a t  p e rc e n ta g e  f i g u r e s ,
: i
!o th e r  p a r t i c u l a r s  r e l a t i n g  t o  th e  d a te  o f e a c h  c a lv in g
j
land a g e ,  le n g th s  o f th e  c a lv in g  i n t e r v a l s  and d r y
p e r i o d s ,  an d  a l s o  th e  names of th e  s i r e  and  dam. 
F i n a l l y ,  t o  f a c i l i t a t e  s t a t i s t i c a l  c o m p u ta tio n s  a l l  
t h e  in f o r m a t io n  f o r  e a c h  l a c t a t i o n  o f  e a c h  cow was 
t r a n s f e r r e d  fro m  th e  a b s t r a c t i n g  s h e e t s  t o  a  c a rd  
in d e x .  The a b s t r a c t i n g  s h e e t s  th e m se lv e s  w ere  u sed  
f o r  p u rp o se s  o f  su b s e q u e n t c h e c k in g , and  a l s o  f o r  
c a l c u l a t i o n s  n o t n e e d in g  th e  c a rd  in d e x .
The m ethods u sed  i n  a n a ly s in g  t h e  d a ta  w ere 
b a se d  m a in ly  on F is h e r* s  s t a t i s t i c a l  M ethods f o r  
R e s e a rc h  Y o rk e rs11 (1 9 4 8 ) and  S n e d e c o r’ s S t a t i s t i c a l  
M ethods a p p l i e d  t o  E x p e rim e n ts  in  A g r i c u l tu r e  and 
B io lo g y ” (1 9 4 6 ) . W herever o th e r  t e c h n iq u e s  o f  
a n a l y s i s  w ere  em p lo y ed , th e y  a  he  i n d ic a t e d  i n  t h e  
a p p r o p r i a te  s e c t io n s  o f t h e  t h e s i s .  The c o m p u ta tio n s  
th e m se lv e s  w ere  made w ith  th e  a id  o f  a  Mar ch an t 
C a lc u la t in g  M ach in e .
U nits of Measurement
I t  w i l l  b e  o b se rv e d  fro m  a  s tu d y  o f b re e d in g  
p r a c t i c e s  i n  d i f f e r e n t  c o u n t r i e s ,  t h a t  t h e  u n i t s  o f
j
m easurem ent o f d a i r y  c a t t l e  p ro d u c t io n  v a ry  c o n s id e r -  j 
a b ly  fro m  one p a r t  o f th e  w o rld  t o  a n o th e r .  I n  Sweden! 
and New Z e a la n d , f o r  exam p le , w here th e  m ain m ark e t 
f o r  m ilk  i s  f o r  th e  m an u fa c tu re  o f b u t t e r  and c h e e s e ,  I
th e  b r e e d e r s  a r e  more i n t e r e s t e d  in  th e  t o t a l  y i e l d  o f  j
j
f a t  t h a n  i n  any  o t h e r  p r o d u c t io n  c h a r a c t e r i s t i c s .  In  ! 
B r i t a i n ,  h o w ev er, th e  amount o f m ilk  p ro d u ced  b y  t h e  | 
cow, and  t o  a  l e s s  e x te n t  th e  b u t t e r f a t  p e rc e n ta g e  i n  | 
t h a t  m i lk ,  seem  t o  b e  th e  p rim e  c r i t e r i a  f o r  m ea su rin g  |
i
d a i r y  c a t t l e  p e rfo rm a n c e . I t  w ould a p p e a r  t h e r e f o r e  j
i
t h a t  a  s tu d y  o f  th e  c a u s e s  o f v a r i a t i o n  i n  m ilk  y i e l d  j
j
and  b u t t e r f a t  p e r c e n ta g e  w ould  b e  o f im p o rta n c e  fro m  j
th e  b re e d in g  s t a n d p o in t  o f t h i s  c o u n t r y .
The u s e f u ln e s s  o f s tu d i e s  i n  b u t t e r f a t  p e r c e n t -i !
age  h a s ,  h o w ev er, b e e n  r e p e a t e d ly  q u e s t io n e d  by  s e v e r a l
a u t h o r s ,  von Patow  (1930) s t a t e d  t h a t  i n v e s t i g a t i o n s
I ;
! on t h e  r e l a t i o n s h i p  b e tw e e n  m ilk  y i e l d  and b u t t e r f a t  
| s h o u ld  d e a l  w i th  th e  t o t a l  am ount o f  f a t  s e c r e t e d  and
| n o t w i th  th e  f a t  p e r c e n ta g e .  B uchanan S m ith  (1 9 3 9 ) j
i 1
| a l s o  s u p p o r te d  t h i s  c o n te n t io n  and  adduced  e v id e n c e  fo r ;
i 1
i ;
I i t  b y  a n  a n a lo g y  b a se d  on a  c o n c lu s io n  draw n by  |
F a i r f i e l d  S m ith  (1937 ) i n  th e  re a lm  o f  p l a n t  g e n e t i c s .
|He m a in ta in e d  t h a t  j u s t  a s  t h e  s tu d y  o f  th e  g r a i n j s t r a w
| r a t i o  in  w heat d oes n o t s u p p ly  more in f o r m a t io n  th a n  j
i
c a n  b e  g iv e n  b y  a  c o n s i d e r a t i o n  o f b o th  g r a i n  and s traw j
s e p a r a t e l y ,  s o  a l s o  w ould  th e  a rg u m en t a p p ly  t o  t h e  j 
q u e s t io n  o f  b u t t e r f a t  p e r c e n ta g e .  On t h e  o th e r  h a n d , j 
Jo h a n sso n  and  H ansson  (1940) ad v an ced  a  c o u n te r ­
argum en t t o  t h i s  on th e  same p l a n e .  They s t a t e d  t h a t  
11 i t  m ust b e  j u s t  a s  l o g i c a l  t o  s tu d y  th e  i n h e r i t a n c e  
o f  f a t  p e r c e n ta g e  o f  th e  m ilk  a s  i t  i s  t o  s tu d y  th e  
g e n e t i c a l  b a s i s  f o r  t h e  v a r i a t i o n  o f  th e  s u g a r  c o n te n t  j  
i n  b e e t s  o r  an y  o th e r  s i m i l a r  c h a r a c t e r  w i th  w h ich  
p l a n t  b r e e d e r s  a re  w o rk in g .” I t  i s  c l e a r  fro m  t h i s  j
j
t h a t  view s r e g a r d in g  th e  a d v i s a b i l i t y  o f  c o n d u c tin g  !
I
i
s t u d i e s  on th e  f a t  c o n te n t  o f  m ilk  a r e  c o n f l i c t i n g .  ;
!
In  r e a l i t y ,  ho w ev er, t h e  c o n tr o v e r s y  i s  a n  i d l e  o n e , 
f o r  num erous a rg u m en ts  o f  t h i s  n a tu r e  can  b e  f u r n i s h e d  
t o  s u p p o r t  e i t h e r  c o n te n t io n .  The p o in t  a t  i s s u e  i s , I
;
w hat a r e  th e  a d v a n ta g e s  i n  s tu d y in g  b u t t e r f a t  p e r c e n t -  j
i
a g e  i n  d a i r y  c a t t l e  t h a t  a r e  n o t g a in e d  b y  a  s tu d y  o f  |
I
t o t a l  m ilk  y i e l d  and  t o t a l  f a t  y i e ld ?  The an sw er t o
t h i s  q u e s t io n  c a n  b e  o b ta in e d  i f  t h e  s u b j e c t  i s
c o n s id e re d  fro m  a  g e n e t i c a l  p o in t  o f  v ie w . I n  t h e
b re e d in g  o f  d a i r y  c a t t l e ,  i t  i s  o b v io u s  t h a t  th e
g r e a t e s t  im provem ent p e r  g e n e r a t io n  i s  a t t a i n e d  i f
| s e l e c t i o n  i s  d i r e c t e d  to w a rd s  th o s e  q u a l i t i e s  w i th  
1 I
I g r e a t e s t  g e n e t ic  v a r i a t i o n .  In v e s t ig a t io n * , by  d i f f e r e n t  
! I
w o rk e rs  on th e  h e r i t a b i l i t y  o f  m ilk  and b u t t e r f a t  h a v e  j
show n, ho w ev er, t h a t  th e  d e g re e  o f  g e n e t i c  d e te r m in a t io n
i s  low f o r  b o th  t o t a l  m ilk  y i e l d  and  t o t a l  f a t  y i e l d .
| I
B u t ,  f o r  b u t t e r f a t  p e r c e n ta g e ,  i t  h a s  b e e n  fo u n d , b o th  I
j  i
i  I
i n  t h e  p r e s e n t  s tu d y  and i n  p a s t  i n v e s t i g a t i o n s ,  t h a t  j 
j th e  h e r e d i t a r y  f r a c t i o n  o f  th e  . t o t a l  v a r i a n c e  i s  much
l a r g e r  th a n  f o r  an y  o t h e r  p r o d u c t io n  c h a r a c t e r i s t i c s .
! I f  th e  u l t im a te  a im  o f  b re e d in g  d a i r y  c a t t l e  i s  t o  
im prove t h e  p r o d u c t io n  l e v e l  o f  th e  cows in  r e g a r d  t o
| m ilk  and f a t ,  t h i s  can  be a c h ie v e d  b y  s e l e c t i o n  on th e
ii
| b a s i s  o f  e i t h e r  t o t a l  m ilk  y i e l d  and t o t a l  f a t  y i e l d  
j o r  t o t a l  m ilk  y i e l d  and f a t  p e r c e n ta g e .  The f a c t  t h a t
i
| f a t  p e r c e n ta g e  h a s  a  h ig h  d e g re e  o f  g e n e t ic  d e t e r ­
m in a t io n  shows t h a t  i t  i s  b e s t  t o  c o n c e n t r a te  on f a t  
p e rc e n ta g e  and t o t a l  m ilk  r a t h e r  th a n  on t o t a l  f a t  and  
t o t a l  m i lk .
The n e x t im p o r ta n t  p ro b lem  was t o  d e te rm in e  
w hat p a r t i c u l a r  m easu re  o f m ilk  y i e l d  a n d  b u t t e r f a t  
! p e rc e n ta g e  sh o u ld  b e  em ployed in  th e  p r e s e n t  i n v e s t -  
| i g a t i o n .  The y i e l d  d u r in g  t h e  t o t a l  l a c t a t i o n  p e r io d  j 
was a t  one tim e  th e  m ost p o p u la r  m easu re  o f  m ilk  p r o -  
| d u c t  io n ,  b u t  i n  r e c e n t  y e a r s  th e  365 d a y  y i e l d  and
i  i
j more p a r t i c u l a r l y  th e  305 d ay  y i e ld  h a v e  come i n t o
I
j
| common u s a g e .  D u rin g  a  s tu d y  of th e  e x i s t i n g  l i t e r -
i :
| a t u r e  on t h e  s u b j e c t ,  a t t e n t i o n  was d raw n  t o  c e r t a i n
j
N orw eg ian , German an d  S w ed ish  w ork w h e re  p ro d u c t io n  
r e c o r d s  fro m  c a lv in g  up t o  t h e  1 8 0 th  d a y  o f  l a c t a t i o n  
had  b e e n  u se d  f o r  m e a su r in g  t h e  m ilk  s e c r e t i n g  a c t i v i t y  
o f t h e  cow. The u se  o f th e  180 day  y i e l d  h as  s e v e r a l  
i d i s t i n c t  a d v a n ta g e s .  In  th e  f i r s t  p l a c e ,  i t  e x c lu d e s  
I t h e  e f f e c t  o f  one o f  th e  m a jo r s o u rc e s  o f  v a r i a t i o n  i n  
m ilk  y i e l d s ,  nam ely  v a r i a t i o n s  i n  l e n g t h  o f c u r r e n t  
c a lv in g  i n t e r v a l .  W ith  y i e l d s  ta k e n  o v e r a  lo n g e r  
p e r io d  o f  t im e  th a n  180 d a y s ,  p re g n a n c y  b e g in s  t o  
e x e r t  a n  in f lu e n c e  on p r o d u c t io n ,  and  u n le s s  due
j  a llo w a n c e  I s  made f o r  t h i s  e f f e c t ,  r e a l  d i f f e r e n c e s  
b e tw e e n  cows c a n n o t b e  m easured  a c c u r a t e l y .  S e c o n d ly , 
j th e  c o r r e l a t i o n  b e tw een  th e  180 day y i e l d  an d  th e  t o t a l  
I y i e l d  h a s  b e e n  fo u n d  t o  b e  re m a rk a b ly  h i g h .  T u ff  (1 9 3 1 ) ,  
| w o rk in g  w ith  N orw egian  h e rd s  fo u n d  t h a t  th e  c o r r e l a t i o n
I
| b e tw een  m ilk  y i e l d  in  180 days an d  y i e l d  d u r in g  th e
!
| w ho le  l a c t a t i o n  p e r io d ,  w i th  th e  c a lv in g  i n t e r v a l  h e ld  
c o n s t a n t ,  was 0 .8 9 5 . T h is  h ig h  c o r r e l a t i o n  h a s  b e e n  
| c o n firm e d  s u b s e q u e n t ly  by  Z o rn  a n d  Funke (1 9 3 5 ) w o rk in g  
j  w ith  German h e r d s ,  and  a l s o  by  J o h a n s s o n  and H ansson  
(1940 ) w ork ing  i n  Sweden w i th  h e rd s  a t  a  h ig h e r  l e v e l  
: o f  p r o d u c t io n .  F i n a l l y ,  t h e r e  i s  th e  added  a d v a n ta g e  |
I m en tio n ed  by  th e s e  p re v io u s  w o rk e rs ,  o f th e  g r e a t e r  
i p o s s i b i l i t y  o f m aking e a r l y  and more a c c u r a te  p ro g en y  j  
j  t e s t s  when u s in g  180 d ay  r e c o r d s .  The im p o rta n c e  o f  i  
I t h i s  p o in t  w i l l  b e  i n c r e a s in g l y  r e a l i s e d  when i t  i s  
j  a l s o  n o te d  t h a t  a  number o f p o o r  m ilk e r s  i n  m ost h e rd s  j 
| a r e  g e n e r a l l y  c u l l e d  a f t e r  a b o u t s i x  m onths o f  t h e i r
i
| l a c t a t i o n  p e r io d ,  w i th  th e  r e s u l t  t h a t  i f  a  lo n g e r
j
| r e c o r d  th a n  th e  180 d a y  y i e l d  i s  u se d  a s  th e  m easu re  
o f m ilk  p r o d u c t io n ,  th e n  th e  m a t e r i a l  a v a i l a b l e  f o r  
p ro g en y  t e s t s  i s  bound  t o  be  s e l e c t e d  t o  some e x te n t  a t - 
l e a s t .
The o b je c t io n  m ay, h o w ev er, b e  r a i s e d  t h a t  th e  
180 d a y  p e r io d  i s  to o  s h o r t  f o r  m e a su r in g  a  cow*s m ilk  
p ro d u c in g  a h i l i t y .  B ut t h e n  i t  s h o u ld  b e  rem em bered 
t h a t  th e  number o f  u n c o n t r o l le d  p h y s io lo g ic a l  and  
e n v iro n m e n ta l  in f lu e n c e s  t h a t  e n t e r  i n t o  th e  l a t t e r  
p a r t  o f  th e  l a c t a t i o n  c u rv e  i s  so  g r e a t ,  t h a t  ev en
Table 1
tn f l ly a la  o f v a r ia n c e  o f th e  180 d ay  y i e ld s  o f 326 cow s, each  
o f wM eh had  com pleted. th e  f i r s t  f o u r  l a c t a t i o n s
S ou rce
T
Betw een l a c t a t i o n s
Between h e rd s
Herd l a c t a t i o n  
i n t e r a c t io n
Between cows
w i th in  h e rd s
Rem ainder






Mean sq u a re
1 8 0 ,1 8 4 ,8 8 1
3 9 ,0 5 9 ,2 7 5
931 ,7 5 6
2 ,6 9 1 ,4 5 9
503 ,6 9 3
C o m p o sitio n  o f  mean 
s a u a re
^ 2+326<rL2+no« ^ L2
<rW2+4°C2+no<yHL2+nl CH:
rr0 2_i__ (T-  ̂no HL
< r^ i< rc
rrr:,2
In tra -c o w  c o r r e l a t i o n  w i th in  h e rd s  a f t e r  
e l im in a t io n  o f v a r ia n c e  due t o  age  s __ * c 2
^ 2"+*c








T a b le  2
A n a ly s is  o f v a r ia n c e  of th e  t o t a l  l a c t a t i o n  y i e l d s  o f  526 
cows each  of w hich  had com pleted  th e  f i r s t  f o u r  l a c t a t i o n s
r - I — -   if -  - i ~ - 1 - n  - - I I - - - -
(Same cows a s  i n  T a b le  1 )
S ource d . f  • Mean s q u a re
C om position  o f  mean I 
s o u a re  1
V arian ce
component
Betw een l a c t a t i o n s
B etw een h e rd s
Herd l a c t a t i o n
i n t e r a c t i o n
Betw een cows w i th in  
h e rd s
R em ainder
In tra -c o w  c o r r e l a t i  






on w i t  
ance d
2 2 ,5 6 1 ,1 8 9
1 1 2 ,9 4 0 ,6 6 3
3 ,1 9 7 ,7 3 7
8 ,3 8 2 ,5 0 8
1 ,7 0 9 ,6 3 8
b in  h e rd s  a f t  
ue t o  a$e a





e r  <7? 2
= 0 .4 9 4




5 7 ,0 8 1
1 ,6 6 8 ,2 1 8  
1 ,7  09 ,638
t j e o t o o t e :  The te rm s  ^ 2 , * c 2 , , <m2 and 2 d e n o te  th e  v a r ia n c e s
c o rre sp o n d in g  t o  t h e  a p p r o p r ia te  s o u rc e s  e . g .  i s  t h e  v a r ia n c e  b e tw een  
l a c t a t i o n s ,  i s  th e  v a r ia n c e  b e tw een  h e r d s ,  e t c .  The te rm s n Q and n x
v!fS?e3enJ  r e s Pe c t iv e ly  th e  a v e ra g e  number o f cows and l a c t a t i o n s  i n  e ach  
g iv es  i n  fro m  tlie  g e n e r a l  fo rm u la  (se e  S n ed eco r 1 9 4 6 ) , w h ich
and  n
F o r f u r t h e r  d e t a i l s  o f  t h i s  m ethod o f  a n a l y s i s  w h ic h  i s  u se d  a l s o  in
T n l T t n t  l l t t t n n Z L \ he ^ 3l a t  t i i e s l s . r e f e r e n c e  M  b V - e t oWins o r and  C lark e  (1940) and  H e tz e r ,  D ic k e rso n  and Z e l l e r  (1 9 4 3 )]
a f t e r  c o r r e c t i o n  f o r  known e n v iro n m e n ta l  f a c t o r s ,  th e  
a c c u ra c y  o f th e  r e s u l t s  o b ta in e d  o f te n  le a v e s  much t o  
b e  d e s i r e d .  I t  i s  t h e r e f o r e  c o n c lu d ed  t h a t  a  more 
i a c c u r a te  e v a lu a t io n  o f  th e  cow*s in h e r e n t  p o t e n t i a l i t y  
| f o r  m ilk  p r o d u c t io n  c a n  b e  made on th e  b a s i s  o f  180ji
| d ay  y i e ld s  th a n  on y i e l d s  b a s e d  on lo n g e r  p e r io d s  
| im p e r f e c t ly  c o r r e c t e d .
I ;
The r e l a t i v e  u s e f u ln e s s  o f  t h e  180 d ay  r e c o r d  I
f o r  g e n e t i c a l  p u rp o se s  was s t u d i e d  w i th  t h e  p r e s e n t  
m a t e r i a l  by  tw o a n a ly s e s  o f  v a r ia n c e  o f th e  180 d a y  
y i e l d s  and  th e  t o t a l  l a c t a t i o n  y ie ld s  o f 326 cow s,
| e a c h  o f w h ic h  had  co m p le ted  th e  f i r s t  f o u r  l a c t a t i o n s . j  
; The m easu re  o f u s e f u ln e s s  em ployed was th e  w i th ln - h e r d ;
I
■ c o r r e l a t i o n  b e tw een  r e c o r d s  o f  th e  same cow a f t e r  
| e l i m in a t i o n  o f  th e  v a r ia n c e  due t o  a g e .  T h is  h a s  b een ;
: te rm ed  r e p e a t a b i l i t y "  by p re v io u s  i n v e s t i g a t o r s  
I (L ush  a n d  S h u l tz  1936, L ush  a n d  A rn o ld  1937 , and 
D ic k e rso n  1 9 4 0 ) , s in c e  i t  i n d i c a t e s  th e  d e g re e  t o  whicla 
r e c o r d s  o f  t h e  same cow te n d  t o  r e p e a t  th e m se lv e s  from j 
one l a c t a t i o n  t o  a n o th e r .  T a b le s  1 and 2 show t h e  
r e s u l t s  o b ta in e d  w i th  th e  p r e s e n t  m a t e r i a l .  I t  i s  
a p p a re n t  t h a t  th e  r e p e a t a b i l i t y  was in  f a c t  s l i g h t l y  j 
g r e a t e r  f o r  th e  180 d a y  r e c o r d  th a n  f o r  th e  t o t a l  | 
l a c t a t i o n  r e c o r d ,  p ro v in g  th e r e b y  t h a t  t h e  180 day 
y i e l d  i s  q u i t e  an  a d e q u a te  m easu re  o f  m ilk in g  c a p a c i ty ;  
in  d a i r y  c a t t l e .  I t  s h o u ld ,  h o w ev er, be  n o te d  t h a t  th e  
v a r ia n c e  due t o  a g e  i s  v e ry  h ig h  f o r  th e  180 day  y ie ld *  
so  t h a t  th e  need  f o r  a n  a g e - c o r r e c t io n  i s  g r e a t l y  
in c r e a s e d  w i th  t h i s  ty p e  o f  r e c o r d .  I n  f a c t ,  In  th e
p r e s e n t  d a t a ,  a b o u t 28 p e r  c e n t ,  o f  th e  t o t a l  v a r ia n c e  
'in  180 d ay  y i e l d s  was due t o  a g e .  The c o r re s p o n d in g  
f i g u r e  f o r  t o t a l  l a c t a t i o n  r e c o r d s  had a  s u r p r i s i n g l y  
low  v a lu e  o f 1 p e r  c e n t .  -  w h ich  i s  p ro b a b ly  p e c u l i a r  
!to  t h i s  m a t e r i a l  o n ly .
II
| When i t  had  b e e n  d e c id e d  t h a t  th e  180 day y ie ld ;
i |
w ould b e  u sed  a s  a  m easure  o f t o t a l  m ilk  p r o d u c t io n ,  
th e  n e x t q u e s t io n  was w h e th er any  su c h  r e s t r i c t i o n  i s  
a l s o  r e q u i r e d  f o r  b u t t e r f a t  p e r c e n ta g e .  The r e s u l t s  of 
s t u d i e s  p r e s e n te d  i n  P a r t  IV o f  t h i s  t h e s i s  show q u i t e  
j c l e a r l y  t h a t  th e  b u t t e r f a t  p e rc e n ta g e  o f a  cow i s
i  i
i  ;
p r a c t i c a l l y  in d e p e n d e n t of v a r i a t i o n s  i n  l e n g t h  o f t h e  I 
c u r r e n t  c a lv in g  i n t e r v a l .  I t  was t h e r e f o r e  d e c id e d  t h a t  
f o r  b u t t e r f a t  p e r c e n ta g e ,  th e  t o t a l  l a c t a t i o n  p e r io d  
w ould b e  used*
I n v e s t ig a t i o n s  on th e  p e r s i s t e n c y  o f  l a c t a t i o n  
lhave a l s o  b een  c a r r i e d  o u t w i th  th e  p r e s e n t  m a t e r i a l ,  j 
The u n i t  o f  m easurem ent em ployed f o r  th e s e  s t u d i e s  was j 
b a se d  on th e  w sh a p e  - f i g u r e ” id e a  u se d  n o ta b ly  by  j
Jo h a n sso n  and Hans so n  (1 9 4 0 ) and a l s o  by  o th e r  i n v e s t -  j 
i g a t o r s . A d i s c u s s i o n  o f th e  p r e s e n t  m ethod o f  s tu d y  
i n  r e l a t i o n  t o  p re v io u s  w ork i s  g iv e n  in  P a r t  I I I  o f 
t h i s  t h e s i s .  I t  m ay, h o w ev er, b e  m en tio n ed  h e r e  t h a t  j
i
p e r s i s t e n c y  a s  d e s c r ib e d  in  t h i s  w o rk , was m easu red  b y  | 
th e  fo rm u la  : -
A-BP e r s i s t e n c y  -  — *
w here A i s  th e  m ilk  y i e l d  d u r in g  th e  f i r s t  180 d a y s  and!
B i s  t h e  m ilk  y i e l d  d u r in g  th e  f i r s t  t e n  w eeks o f  
l a c t a t i o n  -  s u b s e q u e n t ly  te rm e d  th e  " i n i t i a l  y i e l d 11.
S t u d ,  I  e  s  I n  ; I  I k  Y i c  I d
P a r t  I I  
S tu d ie s  In  M ilk Y ie ld
1 . A ccu racy  of m ilk  y i e l d  d e te r m in a t io n s  made u n d e r 
th e  o f f i c i a l  S c o t t i s h  m ilk  r e c o r d in g  sy s tem
Numerous r e s e a rc h e s  on th e  a c c u ra c y  o f
d i f f e r e n t  sy s te m s o f m ilk  r e c o r d in g  h av e  b e e n  c a r r i e d
o u t in  r e c e n t  y e a r s  in  many c o u n t r i e s  -  p a r t i c u l a r l y  in
;A m erica and  New Z e a la n d . The r e s u l t s  o f  t h e s e  i n v e s t -  ;
j i g a t i o n s  have  a l l  p ro v ed  t o  be  o f fu n d a m e n ta l im p o rta n c e
| in  e s t a b l i s h i n g  th e  a c t u a l  p o t e n t i a l i t i e s  o f  d a i r y
i i| |
c a t t l e  in  r e g a r d  t o  m ilk  o r b u t t e r f a t  p r o d u c t io n .  The j 
f o l lo w in g  s tu d y  was t h e r e f o r e  u n d e r ta k e n  a lo n g  s i m i l a r  
; l i n e s  w i th  a  v iew  t o  t e s t i n g  th e  a c c u ra c y  o f  m ilk  y ie ld ;  
id e te r m in a t io n s  made under th e  o f f i c i a l  S c o t t i s h  m ilk  
r e c o r d in g  s y s te m .
S in c e  i t s  in c e p t io n  in  1930 th e  K i r k h i l l  h e rd  ; 
b e lo n g in g  t o  th e  Hannah I n s t i t u t e  h as b e e n  re c o rd e d  on j
,  j
t h e  o f f i c i a l  S c o t t i s h  sy s te m , w h i le  d a i l y  r e c o rd s  w ere j
! I
I a l s o  k e p t  a t  th e  same t im e .  T h is  h e rd  t h e r e f o r e  j
; i
!p ro v id e d  th e  n e c e s s a r y  m a t e r i a l  f o r  m aking a  d i r e c t  j
i
I c o m p ariso n  o f  th e  o f f i c i a l  and  d a i l y  r e c o r d s .  A t o t a l  
o f  200 l a c t a t i o n s  c o v e r in g  t h e  p e r io d s  1931 t o  1935 and| 
1941 t o  1945 was s t u d i e d ,  and  th e  c o r r e l a t i o n s  and 
|r e g r e s s io n s  w ere com puted s e p a r a t e l y  f o r  th e  two p e r i o d s .  
!The f a c t o r s  c o r r e l a t e d  w ere  th e  f i r s t  10 w eeks y i e l d ,  
t h e  1 8 0 -d ay s y i e l d  and  th e  240 -days y i e l d  a s  m easured  
by  th e  o f f i c i a l  sy s te m  on th e  one h a n d , and  by  th e  
d a i l y  r e c o r d s  on th e  o t h e r .  The r e s u l t s  o f th e s e  
s t u d i e s  a r e  p r e s e n te d  i n  T a b le s  3 and  4 .
T able 3
R e la t io n s h ip  b e tw een  d e te r m in a t io n s  o f  m ilk  y i e l d  made 
u n d er th e  o f f i c i a l  S c o t t i s h  m ilk  r e c o r d in g  sy s te m  and 
th e  c o rre s p o n d in g  y i e ld s  c a l c u l a t e d  from  d a i r y  r e c o r d in g s  
(P e r io d  1931 t o  1935)
D e s c r ip t io n  
o f d a ta
Mean
y i e l d
on
o f f i c i a l
r e c o r d ­
in g





d a i l y
r e c o r d ­
in g
( l b . )
C o r r e l ­
a t i o n
c o e f f i ­
c i e n t
R e g re s ­
s io n
c o e f f i ­
c i e n t *
R e g r e s s io n
e q u a t io n
10 weeks y i e ld 2878 .6 2733 .1 +0 .977 + 1 .019 X2 * 94 .2+ 1 .019X 1
180 days y i e l d 6230 .7 5 9 3 3 .6 + 0.986 + 1 .029 X2 = 1 2 2 .7 + 1 .029XX
240 days y ie ld 7 4 8 9 .9 7 1 3 9 .4 + 0.986 + 1 .030 X2 = 1 3 8 .7 + 1 .030X!
* R e g re s s io n  o f o f f i c i a l  r e c o rd  on d a i r y  r e c o r d .
^  X]_ i s  th e  y ie ld  in  l b .  a c c o rd in g  to  the  d a i l y  r e c o r d  
and X2 i s  th e  c o r re s p o n d in g  y i e ld  a c c o rd in g  t o  th e  
o f f i c i a l  r e c o r d .
T able 4
R e la t io n s h ip  b e tw een  d e te r m in a t io n s  o f m ilk  y i e l d  made 
u n d e r th e  o f f i c i a l  S c o t t i s h  m ilk  r e c o r d in g  sy s te m  and  
th e  c o rre s p o n d in g  y i e ld s  c a l c u l a t e d  from  d a l l y  r e c o r d in g s  
(P e r io d  1941 to  1945)
D e s c r ip t io n  




o f f i c i a l
r e c o r d ­
in g




d a i l y
r e c o r d ­
in g
( l b . )
C o r r e l ­
a t i o n
c o e f f i ­
c i e n t
R e g re s ­
s io n
c o e f f i ­
c ie n t*
R e g re s s io n
e q u a t io n  **
10 weeks y ie ld 227 4 .1 2178.8 + 0 .959 + 1 .0 0 9 X2 * 75 .4+ 1 .009X 1
180 days y ie ld 5 0 2 9 .7 4831 .8 + 0 .976 + 0 .981 X2 = 2 8 9 .6 + 0 .98UC1
240 days y ie ld 6 0 3 6 .0 5 7 9 1 .4 + 0 .981 +0.986 X2 =325. 6+0 . 986X3̂
*  R e g re s s io n  of o f f i c i a l  r e c o r d  on d a i r y  r e c o r d .
** ^1 y i e ld  i n  l b .  a c c o rd in g  t o  th e  d a l l y
r e c o r d ,  and Xg i s  th e  c o rre s p o n d in g  y ie ld  
a c c o rd in g  t o  th e  o f f i c i a l  r e c o r d .
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The two s e t s  o f c o r re s p o n d in g  r e g r e s s io n s  f o r  j
i ;
j  th e  p e r io d s  1931 t o  1935 and  1941 t o  1945 w ere th e n  
j com pared i n  o rd e r  t o  d e te rm in e  w h e th e r  t h e r e  was an y  
s i g n i f i c a n t  d i f f e r e n c e  b e tw een  th em . The t e s t s  o f 
|s i g n i f i c a n c e  showed t h a t  th e  r e g r e s s io n s  w ere  i n  f a c t
i  i
re m a rk a b ly  s i m i l a r .  |
F i n a l l y ,  t h e  p e rc e n ta g e  d i f f e r e n c e s  b e tw een  th e [ 
o f f i c i a l  and  d a i l y  r e c o rd s  w ere  c a l c u l a t e d  f o r  y i e l d s  |
i
fro m  2 ,0 0 0  t o  7 ,5 0 0  lb *  by  u s in g  th e  r e g r e s s io n  e q u a -  j 
t i o n s  o f T a b le s  3 and  4 a b o u t t h e i r  r e s p e c t iv e  ra n g e s  !i
o f m ean . I t  was fo u n d  t h a t  th e  o f f i c i a l  r e c o rd  w as, on| 
th e  a v e r a g e ,  4 .8  p e r  c e n t ,  h ig h e r  th a n  th e  d a i l y  reco rd L  
jThis i s  in  c lo s e  ag reem en t w i th  th e  5 p e r  c e n t ,  f i g u r e  j 
r e p o r t e d  b y  Buchanan S m ith  (1 9 4 8 ) .
I t  i s  e v id e n t  fro m  th e  above  a n a ly s e s  t h a t  | 
a l th o u g h  th e  o f f i c i a l  r e c o r d s  o f th e  S c o t t i s h  M ilk  
B e c o rd in g  A s s o c ia t io n  a r e  s l i g h t l y  h ig h o r  t h a n  th e  
j  c o r r e s p o n d in g  d a i l y  r e c o r d s ,  th e  h ig jh  c o r r e l a t i o n s  o f 
0.97 -  0 .9 8  i n d i c a t e  t h a t  th e y  a r e  s u f f i c i e n t l y  a c c u r a te  
f o r  g e n e t i c a l  s t u d i e s .
Table 5
The mean and standard d e v ia tio n  (<5~ ) fo r  age a t c a lv in g , 
i n i t i a l  y ie ld , 180 day y ie ld  and ca lv in g  In terv a l of th e  
l3 t  to  1 0 th  la c ta t io n s





Age a t  c a lv in g I n i t i a l y i e l d 180 day  y i e l d C a lv in g
in te r v a lMean <r Mean <r Mean <r Mean c r
Years Months Manths ( l b . ) ( l b . ) ( l b . ) ( l b . ) ( days } (days)
1 1211 2 8 .7 3 .7 2 242 0 .1 4 1 4 .7 5 5 7 1 .8 9 8 6 .2 4 1 7 .5 58.8
2 915 3 1 0 .4 3 .9 4 3 0 0 4 .3 4 9 9 .8 6 5 5 3 .9 1 1 4 3 .0 3 9 1 .2 54.5
5 688 4 1 1 .4 4 .3 0 3 1 8 1 .4 5 6 6 .6 6 9 9 4 .1 1 2 3 9 .2 3 8 2 .9 49.2
4 548 6 0 .7 4 .7 3 3 2 1 8 .9 566 .4 7 1 5 6 .2 1 27 8 .9 3 8 8 .7 57.5
5 386 7 0.8 4 .9 6 3 2 7 2 .8 6 1 7 .4 7 2 7 6 .1 1 3 9 4 .4 3 8 0 .8 47.5
6 248 8 1 .4 5 .0 3 3 2 7 6 .8 6 4 8 .3 7 2 8 3 .1 1391 .5 3 8 4 .8 61.5
7 156 9 1.1 5 .00 3 2 8 5 .8 6 2 4 .7 7 3 8 5 .4 1 4 0 4 .4 3 9 7 .7 66 .5
8 105 10 1.2 5 .5 6 3 3 1 9 .5 6 3 2 .9 750 1 .7 1 34 4 .7 3 9 9 .6 66.9
9 82 11 2.2 7 .7 3 3165 .4 5 9 3 .0 7 2 5 4 .2 1 3 9 3 .1 3 9 0 .6 45 .8
1C 47 12 2 .3 6 .03 3153 .6 5 7 2 .7 7 0 9 5 .4 1 3 5 5 .2 3 8 0 .6 58.6
2 . P r e l im in a r y  e x a m in a tio n  o f a v a i l a b l e  d a ta
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Some p r e l im in a r y  a n a ly s e s  w ere  made o f  a l l  th e  a v a i l ­
a b le  m ilk  p r o d u c t io n  f i g u r e s  from  th e  12 h e rd s  in  o rd e r  
t o  d e te rm in e  th e  m ain  s t a t i s t i c a l  c o n s ta n ts  o f  th e s e  
d a ta *  The m ean and  s ta n d a r d  d e v ia t i o n  f o r  th e  180 d a y  
y i e l d s  o f e ac h  o f  th e  1s t  t o  10t h  l a c t a t i o n s  w ere  c a l ­
c u l a t e d ,  and  th e  r e s u l t s  a r e  p r e s e n te d  in  T a b le  5 
t o g e t h e r  w i th  th e  c o r re s p o n d in g  v a lu e s  f o r  th e  
a s s o c i a t e d  c a lv in g  i n t e r v a l s  and  a g e .  The t a b l e  a l s o  
c o n ta in s  a v e ra g e  f i g u r e s  f o r  y i e l d  c a l c u l a t e d  o v e r a  
s h o r t e r  p e r io d  o f  th e  l a c t a t i o n  c u rv e  -  fro m  c a lv in g  up 
t o  t h e  1 0 th  week o f l a c t a t i o n .  T h is  i s  r e f e r r e d  to  a s  
th e  11 i n i t i a  1 y i e l d w . The d i s t r i b u t i o n  o f th e  p ro d u c t io n  
r e c o r d s  shows t h a t  th e  s t a n d a r d  d e v ia t io n  f o r  b o th  
i n i t i a l  and  180 d a y  y i e ld s  was lo w e s t f o r  th e  f i r s t  
l a c t a t i o n ,  and  t h e r e a f t e r  i t  in c r e a s e d  up to  t h e  s i x t h  
o r  s e v e n th  l a c t a t i o n .  T here  was a l s o  a n  in c r e a s e  i n  
th e  mean i n i t i a l  y i e l d  fro m  2 4 2 0 .1  l b .  in  th e  f i r s t  
l a c t a t i o n  to  3 3 1 9 .5  l b .  in  th e  e ig h th  l a c t a t i o n ,  and  a 
c o r re s p o n d in g  in c r e a s e  i n  180 day  y i e l d  from  5 5 7 1 .8  l b .  
t o  7 5 0 1 .7  l b .
The mean age  a t  f i r s t  c a lv in g  i n  th e s e  d a ta  was 
fo u n d  t o  b e  2 y e a r s  and 9 m on ths , w i th  a  s ta n d a r d  
d e v ia t i o n  o f 3 .7 2  m o n th s . A f re q u e n c y  d ia g ra m  d e p i c t i n  
th e  d i s t r i b u t i o n  o f  a g e  a t  f i r s t  c a lv in g  i s  p r e s e n te d  
in  P i g .  1 .  I t  shows a  skew ness o f 0 .4 7 8 , w h ich  I s  j
p ro b a b ly  a  r e f l e c t i o n  o f th e  w ide d i f f e r e n c e s  i n  c a lv in g
I
program m es in  t h e  d i f f e r e n t  h e r d s .  The age  a t  s u b -  j
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F *< E Q u g S C Y  Q t S T R i  3 U * f I O N  OF THE 3 R D  T3  5  TH 
CAi .V !N G  INT £ R V A . S .
M = 3 8 4 - 4  t  1 * 5 2
<T = 5 1-8 t  I • 08
S \  = 2-043 ± 0-072
g £  = 6* 146 ± 0 1 4 4
I
LENGTH OF CALVING IN T E R V A L S ( D A Y S ) r
| t h i r t e e n  months f o r  each  l a c t a t i o n .
I t  w i l l  be  o b se rv e d  from  T a b le  5 t h a t  t h e  f i r s t  
c a lv in g  i n t e r v a l  was on th e  a v e ra g e  ab o u t 30 days longetr 
th a n  t h a t  o f s u b s e q u e n t l a c t a t i o n s .  The f re q u e n c y  
d ia g ra m s , P i g s .  2 and 3 ,  show ing  th e  d i s t r i b u t i o n  o f 
th e  f i r s t  c a lv in g  i n t e r v a l  a s  d i s t i n c t  from  t h a t  o f t h e  
t h i r d  t o  f i f t h  l a c t a t i o n s ,  p ro v id e  m easu res o f  th e  
skew ness o f  t h e  d i s t r i b u t i o n .  The c u rv e  f o r  th e  f i r s t  
c a lv in g  i n t e r v a l  had  a  skew ness o f  0 .9 2 8 , w h i le  th e  
c o r re s p o n d in g  f i g u r e  f o r  th e  t h i r d  to  f i f t h  l a c t a t i o n s
i
| was 2*043 . The means w ere  4 1 7 .5  + 1 .9 6  days and 
; 3 8 4 .4  + 1*52 days r e s p e c t i v e l y  f o r  th e  tw o g ro u p s . The 
m odal c l a s s  f o r  th e  fo rm e r  d i s t r i b u t i o n  was b e tw een
|
380 and 400 d a y s ,  and  f o r  th e  l a t t e r  i t  was b e tw ee n  3 6 Oj
I
and 380 d ay s • j
i
The f re q u e n c y  d i s t r i b u t i o n s  o f th e  f i r s t  d ry
I
p e r io d  and t h e  d r y  p e r io d s  o f th e  t h i r d  t o  f i f t h  j
l a c t a t i o n s  w ere  a l s o  s t u d i e d ,  b u t  t h i s  was h a n d ic a p p e d  j
i
t o  some e x te n t  b y  th e  sy s te m  o f r e c o r d in g  p r e v a i l i n g  i n  
S c o t la n d ,  in  t h a t  i t  was n o t p o s s i b l e  t o  d e te rm in e  fromi 
th e  a v a i l a b l e  d a ta  th e  e x a c t  d a te  when a  cow w ent d r y .  i 
I t  m igh t h a v e  o c c u rre d  on any  one o f  th e  14 t o  28 d a y s  j 
i n t e r v e n in g  b e tw ee n  t h e  two t e s t s  made a t  t h a t  t im e  by j 
t h e  r e c o r d e r .  The f i g u r e s  f o r  d ry  p e r io d  o b ta in e d  fro n i 
th e  d a ta  u se d  h e r e  a r e  t h e r e f o r e  bound t o  b e  r a t h e r  
i n  th e  n a tu r e  o f  e s t i m a t e s .  H ow ever, t h e y  may b e  
c o n s id e re d  f a i r l y  s a t i s f a c t o r y  f o r  o b ta in in g  f re q u e n c y  
d iag ram s f o r  t h e  p o p u la t io n  a s  a  w h o le . Such  d iag ram s 



























riQ, 4, F1C. 5,
P R €Q lO £ N C s > Q > S > T R \& U ~ n Q H  O P  
TWS P \R S T  OR'T* P E .R \O tO .
p g e e ^ u g N C v  d i s t r i b u t i o n  o f
T ne. 3**e> TO S t h  DRV P E R IO D S
o
L S ^ T v *  o p  ORV P € R iO O S  (DP i'VS.')
j d r y  p e r io d s  a r e  p r e s e n te d  in  P i g s .  4 and 5 .  The m odal 
c l a s s  o f  d i s t r i b u t i o n  was b e tw een  60 and 80 d ay s  in  
b o th  c a s e s ,  w i th  mean v a lu e s  o f  79 days f o r  th e  f i r s t  j 
l a c t a t i o n  and  86 days f o r  t h e  t h i r d  t o  f i f t h  l a c t a t i o n s .
A v erag es o f t h e  p ro d u c t io n  f i g u r e s  in d e p e n d e n t 
o f l a c t a t i o n  number w ere  a l s o  c a lc u la t e d  f o r  th e  e n t i r e  
p o p u la t io n ,  and t h e s e  g av e  a n  i n i t i a l  y i e l d  o f  2 9 6 4 .4  
l b .  and  a  180 day  y i e l d  o f 6 6 1 6 .9  l b .  p e r  cow p e r 
l a c t a t i o n .  T h ese  f i g u r e s  may be c o n s id e re d  h ig h  when 
com pared w i th  th o s e  o f t h e  c o u n try  a s  a  w h o le . A ppendix  
| T a b le s  1 a n d  2 g iv e  d e t a i l s  o f th e  a v e ra g e  v a lu e s  f o r
i  ;
| i n i t i a l  and  180 day  y i e l d s  d u r in g  t h e  p e r io d  1930 to  
j 1938 f o r  e ac h  o f th e  h e rd s  s t u d i e d .  The f i g u r e s  f o r  
t h e  y e a r  1939 h a v e  n o t  been  in c lu d e d  i n  t h e s e  t a b l e s ,  j 
b e c a u se  th e  r e c o r d s  o f a  l a r g e  num ber o f  cows c a lv in g  
i n  th e  l a t t e r  h a l f  o f  t h a t  y e a r  w ere  n o t a v a i l a b l e  !
i
d u r in g  th e  c o m p ila t io n  o f th e  d a t a .  I t  w i l l  b e  
o b se rv e d  t h a t  on t h e  a v e ra g e ,  th e  f i g u r e s  show l i t t l e  
o r  no p e rm an en t change th ro u g h  th e  y e a r s  1930 t o  1938 -
i
a  f a c t  w h ich  was v e r i f i e d  by  a  p r e l im in a r y  a n a l y s i s  o f \
i
v a r i a n c e  o f  th e  180 d a y  y i e l d  b e tw ee n  y e a r s  and  h e rd s  i
j
(T a b le  6 ) .  j
The a n a l y s i s  o f  v a r i a n c e  shows t h a t  th e  mean | 
sq u a re  ^ b e tw een  h e r d s 11 was v e ry  h ig h ly  s i g n i f i c a n t ,  
w h ile  th e  m ean s q u a re  ttb e tw ee n  y e a r s ,f was n o t  s i g n i f i -  i 
c a n t .  T h is  means t h a t  t h e  h e rd s  d i f f e r e d  v e ry  c o n s id -  j 
e r a b ly  among th e m se lv e s  i n  r e g a rd  t o  t h e i r  l e v e l s  o f  
p r o d u c t io n ,  w h ile  t h e r e  was no e v id e n c e  o f  im provem ent j
l




A n a ly s is  o f v a r ia n c e
(B ased on th e  mean 180 day  y ie ld s  o f  e a c h  h e rd  
i n  e a c h  y e a r  fro m  1930 t o  1938)
S o u rce d . f . Sum 
o f s q u a re s
Mean sq u a re F S i g n i f ­
ic a n c e
B etw een
h e rd s 11 3 0 ,2 6 9 ,2 1 1 2 ,7 5 1 ,7 4 6 1 5 .7 1
Betw een
y e a rs 8 2 ,3 4 2 ,0 7 4 292 ,759 1 .6 7 N .S .
E r r o r 88 1 5 ,4 1 0 ,2 7 8 175 ,117
T o ta l 107 4 8 ,0 2 1 ,5 6 3
C o e f f i c i e n t  o f  v a r i a t i o n  a 6 .2  p e r  c e n t .
I t  sh o u ld  p e rh a p s  b e  p o in te d  o u t t h a t  th e  ab o v e  a n a ly s e s  
i s  b ased  o n ly  on t h e  a v e ra g e  y i e ld s  o f e a c h  h e rd  in  
e a c h  y e a r ,  and c o n s e q u e n tly  th e  r e s u l t s  m ig h t n o t  a g re e  
c o m p le te ly  w i th  th o s e  o b ta in e d  fro m  more d e t a i l e d  
a n a ly s e s  u s in g  th e  i n d iv i d u a l  y i e l d s  o f cows (as shown 
l a t e r ) .  H ow ever, th e  c o n c lu s io n  rem a in s  v a l i d  t h a t  
t h e r e  was no s i g n i f i c a n t  change i n  th e  mean y i e l d  o f 
th e  12 h e rd s  from  1930 t o  1938.
3 .  N o n -g e n e tic  c a u se s  o f v a r i a t i o n  In
m ilk  y i e ld  and  t h e i r  i n t e r - r e l a t i o n s h i p s
I t  i s  w e l l  known among d a i r y  f a rm e rs  t h a t  th e  m ilk  j
y i e l d  o f a  cow i s  a f f e c t e d  by  num erous e n v iro n m e n ta l  j 
f a c t o r s  su c h  a s  th e  m onth in  w h ich  sh e  c a lv e s ,  th e  ag e! 
a t  c a lv in g ,  and th e  l e n g th  o f th e  c a lv in g  i n t e r v a l s .
As e a r l y  a s  1927 , S a n d e rs  drew  a t t e n t i o n  t o  th e  
in f lu e n c e  o f  f o u r  m ajo r f a c t o r s  on m ilk  p ro d u c t io n  -  
a g e ,  c a lv in g  i n t e r v a l ,  d ry  p e r io d  and se a s o n  of c a l v in g .  
S u b seq u e n t i n v e s t i g a t o r s ,  n o ta b ly  Jo h a n sso n  an d  H anssoh 
(1 9 4 0 ) ,  have p ro b ed  f u r t h e r  in to  t h e  p rob lem s r e l a t i n g !  
t o  th e  n o n - g e n e t ic  c a u se s  o f v a r i a t i o n ,  w h i le  o th e r s  j 
l i k e  T u rn e r  (1 9 2 7 ) , M atson (1 9 2 9 ) , F r e d e r ik s e n  and
i
O stergaard (1 9 3 1 ) , T u ff  (1 9 3 2 ) , C opeland  (1 9 3 4 ) , Plum j 
(1935 ) and S ik k a  (1940) h a v e  a l s o  c o n t r ib u te d  v a lu a b le  
in fo rm a tio n  on d i f f e r e n t  a s p e c t s  o f  th e  s u b j e c t .  The 
m e th o d s , s t a t i s t i c a l  and o th e r w is e ,  u se d  by  m ost o f  
th e s e  w o rk e rs ,  a r e  how ever open t o  c r i t i c i s m ,  and  
t h e r e f o r e  a  r e - i n v e s t i g a t i o n  o f  th e  w hole  p ro b lem  
seemed d e s i r a b l e .  M oreover, th e  s tu d y  o f A y r s h ir e  
c a t t l e  i n  t h i s  c o u n try  h a s  n o t  k e p t p a c e  w i th  th e  
p ro g re s s  o f th e  s c ie n c e  o f a n im a l b r e e d in g ,  and  a l th o u g h  
c e r t a i n  f a c e t s  o f  p ro d u c t io n  p e rfo rm an c e  h av e  b e e n  
in v e s t i g a t e d  b y  Eay and M cC andlish  (1 9 2 9 ) , G len  and  
M cC andlish  (1930) and  S ik k a  (1 9 4 0 ) , i n s u f f i c i e n t  
a t t e n t i o n  h a s  b e e n  p a id  t o  a l l  th e  r e l e v a n t  c a u se s  of 
v a r i a t i o n .
In  th e  p r e s e n t  d a ta  a l l  cows w ere m ilk e d  tw ic e  
d a i l y ,  so  t h a t  no d i f f e r e n c e s  e x i s t e d  b e tw een  cows in
t h i s  r e s p e c t .  M o reo v er, th e  u se  o f th e  180 day r e c o rd  
as th e  m easure  o f  m ilk  p r o d u c t io n ,  e x c lu d e d  th e  
in f lu e n c e  o f p reg n an cy  on l a c t a t i o n ,  b e c a u s e , as  j
iI
m en tio n ed  e a r l i e r ,  th e  e f f e c t s  o f  p re g n a n c y  do n o t  ! 
m a n ife s t  th e m se lv e s  u n t i l  a f t e r  th e  s i x t h  month o f th e  
c u r r e n t  l a c t a t i o n .  T h e r e fo r e ,  no c o r r e c t i o n  was 
r e q u i r e d  f o r  v a r i a t i o n s  i n  l e n g th  o f  t h e  c u r r e n t  
c a lv in g  i n t e r v a l .  W ith  r e g a rd  t o  d ry  p e r io d ,  Johanssoiji 
and  Hans son  (1940 ) showed q u i te  c l e a r l y  t h a t  ,f t h e r e  i s  j 
a  s i g n i f i c a n t  in tr a - c o w  c o r r e l a t i o n  in  le n g th  o f d r y  j 
p e r io d ,  and in  th e  c a s e  o f a n  i n d iv i d u a l  cow i t  i s  | 
p r a c t i c a l l y  im p o s s ib le  t o  d e c id e  i f  th e  d r y  p e r io d  i s  j 
s h o r t  o r lo n g  ow ing t o  th e  h e r e d i ty  o f  th e  cow or owing 
t o  e n v iro n m e n ta l  c a u se s  • T hrough  a  c o r r e c t i o n  f o r
i
l e n g th  o f d r y  p e r io d ,  g e n e t ic  d i f f e r e n c e s  b e tw een  t h e  
in d iv id u a l s  may be e l i m i n a t e d .w On th e  o th e r  h a n d , 
v a r i a t i o n s  in  t h e  l e n g th  o f th e  p re c e d in g  c a lv in g  
i n t e r v a l  (o f  w h ich  th e  d ry  p e r io d  i s  a  p a r t )  a p p e a r  to  
b e  w h o lly  e n v iro n m e n ta l .  In  c o n se q u e n c e , a  c o r r e c t i o n  
f o r  l e n g th  o f  p re c e d in g  c a lv in g  i n t e r v a l  w ould be
|
a p p r o p r i a t e ,  an d  t h i s  w ould a l s o  e l im in a te  th e  m a jo r  j
j
p a r t  o f  th e  n o n - g e n e t ic  v a r i a t i o n  in  l e n g th  o f d r y  
p e r io d .
T h e r e fo r e ,  th e  f a c t o r s  t h a t  r e q u i r e d  i n v e s t ­
ig a t i o n  w ere  a g e ,  s e a s o n  o r m onth o f c a lv in g ,  and p re - j  
c ed in g  c a lv in g  i n t e r v a l .  A t f i r s t  s i g h t  i t  may a p p e a r  
p o s s ib le  t o  e l im in a te  th e  i n f lu e n c e  o f  th e s e  e n v ir o n ­
m en ta l f a c t o r s  on m ilk  y i e ld  by  s t a n d a r d i s in g  th e  
r e c o rd s  on th e  b a s i s  o f  th e  a v e ra g e s  f o r  each  f a c t o r .
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But t h e  n o n -g e n e t ic  c a u se s  o f v a r i a t i o n  in  p ro d u c t io n  
do n o t  n e c e s s a r i l y  a c t  in d e p e n d e n tly  o f  one a n o th e r ;  
th e  i n t e r - r e l a t i o n s  among th e  f a c t o r s  th e m se lv e s  may 
b e  s o  com plex t h a t  th e y  sh o u ld  b e  s tu d ie d  in  o r d e r  t o  
a r r i v e  a t  a d e q u a te  te c h n iq u e s  t o  m eet th e s e  c o m p lex i­
t i e s  . In  th e  p a s t ,  o n ly  t h e  S w edish  w o rk e rs , Jo h an sso n
j
and H ansson (1 9 4 0 ) , seem  to  have  p a id  s u f f i c i e n t  
a t t e n t i o n  to  t h i s  a s p e c t  o f th e  p ro b le m . The fo l lo w in g  
s u b - s e c t io n s  a r e  d e v o te d  to  a  s tu d y  o f  th e s e  r e l a t i o n ­
s h ip s  in  th e  p r e s e n t  d a t a .
( i )  R e la t i o n s h ip  b e tw een  m onth of c a lv in g  and  ag e  
i n  l a c t a t i o n s
The d i s t r i b u t i o n  o f  th e  f i r s t ,  se c o n d , and 
s u b s e q u e n t c a lv in g s  a c c o rd in g  t o  th e  m onths i n  w hich 
th e  c a lv in g s  o c c u r re d ,  i s  p r e s e n te d  in  F i g .  6 . I t  
w i l l  b e  o b se rv e d  t h a t  t h e r e  was a  l a r g e r  p r o p o r t io n  of 
f i r s t  c a lv e r s  in  autum n and w in te r  th a n  i n  s p r in g  and 
sum m er, w h ile  w i th  in c r e a s in g  age  o f th e  cows s p r in g  
c a lv in g s  te n d e d  to  p re d o m in a te .  I n  o th e r  w o rd s , t h e r e  
was a  p ro n o u n ced  c o r r e l a t i o n  b e tw een  t h e  a g e  o f th e  cow 
i n  l a c t a t i o n s  and  th e  m onth i n  w h ich  she  c a lv e d .  H encp , 
any  a t te m p t  t o  s t a n d a r d i s e  th e  l a c t a t i o n  r e c o r d s  f o r  
m onth o f c a lv in g  a n d  age m ust a llo w  f o r  t h i s  c o r r e l a t i o n ,  
The m ethod o f  m u l t i p le  r e g r e s s io n s  m ig h t s u g g e s t  i t s e l f ,  
b u t  th e  r e g r e s s io n s  w ere  d i s t i n c t l y  n o n - l i n e a r ,  and 
t h e r e f o r e  t h i s  m ethod was n o t  a p p l i c a b l e .
( i i )  R e la t io n s h ip  b e tw ee n  m onth o f  c a lv in g  and  ag e  
w i th in  l a c t a t i o n s
The a s s o c i a t i o n  be tw een  m onth of c a lv in g  and  
a g e  i n  m onths w i th in  l a c t a t i o n s  was a l s o  s t u d i e d ,  and  
th e  r e s u l t s  f o r  t h e  f i r s t  l a c t a t i o n  a r e  p r e s e n te d  in  
T a b le  7 .  No s i g n i f i c a n t  t r e n d  was d i s c e r n i b l e  in  t h i s  
d i s t r i b u t i o n ;  i t  was t h e r e f o r e  n o t n e c e s s a ry  t o  make 
an y  c o r r e c t i o n  f o r  i t  i n  a  s tu d y  o f  th e  in f lu e n c e  o f  
th e s e  v a r i a b l e s  on m ilk  y i e l d .
T a b le  7
R e la t io n  b e tw een  m onth o f c a lv in g  and 
a g e  i n  th e  f i r s t  l a c t a t i o n
Month o f 
c a lv in g
Number o f 
cows
Age a t  f i r s t  
c a lv in g  
(m o n th s)
J a n u a ry 83 3 3 .4
F e b ru a ry 70 3 1 .8
March 68 3 2 .8
A p r i l 77 3 2 .8
May 56 3 3 .8
Ju n e 55 3 2 .6
J u ly 40 3 0 .7
A ugust 63 3 2 .3
S ep tem b er 159 3 2 .7
O c to b e r 196 3 2 .8
November 197 3 2 .7
D ecem ber 144 33 .0
T o ta l  and
a v e ra g e 1208 3 2 .7
! R e la tio n sh ip  between month of c a lv in g  and the  j
le n g th  of th e  ca lv in g  in te r v a l
i
|
| T a b le  8 shows th e  r e l a t i o n s h i p  b e tw een  th e
| m onth o f c a lv in g  and  th e  le n g th  o f  th e  a s s o c i a t e d  p r e ­
c e d in g  c a lv in g  i n t e r v a l s  f o r  1521 r e c o r d s  o f cows a t  
m a tu r i ty  ( 4 th  t o  6t h  l a c t a t i o n s ) .  I t  w i l l  b e  o b se rv ed
!
t h a t  t h e r e  w as a  te n d e n c y  f o r  th e  i n t e r v a l s  p r i o r  t o  
c a lv in g s  fro m  J a n u a ry  t o  A p r i l  t o  b e  s h o r t e r  th a n  th o s e  
p r i o r  t o  c a lv in g s  from  May t o  D ecem ber. T h is  c o u ld  
p ro b a b ly  b e  a t t r i b u t e d  t o  th e  h ig h e r  c o n c e p tio n  r a t e  
e x h ib i t e d  by  cows d u r in g  th e  p a s tu r e  s e a s o n  th a n  a t  an y  
o th e r  t im e  o f  t h e  y e a r .  B ut th e  c o r r e l a t i o n  was no t s o
j
!p ronounced  a s  t o  w a r ra n t  th e  n e c e s s i t y  o f a d o p tin g
i
s u i t a b l e  c o r r e c t io n s  t o  m eet i t .
T a b le  8
R e la t io n  b e tw een  m onth o f c a lv in g  and t h e  
le n g th  o f th e  p re c e d in g  c a lv in g  i n t e r v a l s  
o f  t h e  4 th  t o  6t h  l a c t a t i o n s
M onth o f 
c a lv in g
Number o f 
cows
L en g th  o f p r e c e d ­
in g  c a lv in g  
i n t e r v a l  (d a y s )
Ja n u a ry 180 3 8 6 .8
F e b ru a ry 353 3 7 9 .7
M arch 317 3 8 5 .0
A p r i l 171 385 .4
May 76 3 9 6 .3
June 39 3 9 1 .9
J u ly 36 3 9 3 .7
A ugust 36 3 9 9 .1
S ep tem ber 49 3 9 0 .6
O c to b er 90 3 8 6 .1
November 88 3 9 7 .4
December 106 3 9 9 .1
T o ta l  and 
a v e ra g e 1521 3 8 7 .3
( i v )  R e la tio n sh ip  betw een age and the le n g th  of th e
ca lv in g  I n te rv a l  I
j  I t  was shown in  T a b le  5 t h a t  th e  c a lv in g
|
' i n t e r v a l  a s s o c i a t e d  w i th  th e  f i r s t  l a c t a t i o n  was on Ij . I
| t h e  a v e ra g e  a b o u t 30 d ays lo n g e r  th a n  su b se q u e n t o n e s .  !
j
I t  h a s  a l s o  b een  p o s s i b l e  t o  s tu d y  th e  d i s t r i b u t i o n  o f | 
th e  f i r s t  t h r e e  c a l v in g  i n t e r v a l s  i n  r e l a t i o n  t o  th e !
age  a t  f i r s t  c a lv in g ,  an d  th e  r e s u l t s  o f  t h i s  s tu d y  are j 
p r e s e n te d  i n  T ab le  9 .  I t  w i l l  be  o b se rv ed  t h a t  t h e r e  jI
was no s i g n i f i c a n t  t r e n d  i n  t h i s  r e s p e c t ,  in  t h e  p r e s e n t  
| d a t a •
! I
! I
| T a b le  9 i
| R e l a t i o n  b e tw ee n  th e  a g e  a t  f i r s t  c a lv in g
! and  t h e  l e n g th  o f th e  f i r s t  t h r e e  c a lv in g
i n t e r v a l s
Ag© a t  f i r s t  
c a lv in g  




L eng th  o f c a lv in g  i n t e r v a l  
( d a y s )
1s t
c a lv in g
i n t e r v a l
2nd
c a lv in g
i n t e r v a l
3 rd
c a lv in g
i n t e r v a l
31 and u n d er 108 4 1 5 .5 3 8 6 .6 3 9 2 .9
32 t o  35 196 4 2 0 .5 3 8 7 .7 3 8 3 .3
36 and  over 73 4 1 4 .6 3 9 0 .9 3 8 3 .1
T o ta l  and
a v e ra g e 377 4 1 7 .9 3 8 8 .0 3 8 6 .0
The r e l a t i o n s h i p  b e tw ee n  s u c c e s s iv e  c a lv in g
i n t e r v a l s  was a l s o  i n v e s t i g a t e d  b y  th e  c o r r e l a t i o n
m ethod . Two d i f f e r e n t  a n a ly s e s  w e re  made f o r  t h i s
p u rp o s e . The f i r s t  was b a se d  on 614 cow s, r e c o r d s  o f 
whose f i r s t  and se co n d  c a lv in g  i n t e r v a l s  w e re  a v a i l a b l e .
! The r e s u l t s  a r e  sum m arised  i n  T a b le  10 . The c o r r e l a -  
| t i o n  -0 .0 2 2  + 0 .0 4 0  b e tw een  th e  two c a lv in g  i n t e r v a l s  
! was n o t s i g n i f i c a n t ,  show ing  t h a t  th e  c a lv in g  i n t e r v a l  j
|  i
a s s o c i a t e d  w i th  one l a c t a t i o n  was p r a c t i c a l l y  in ie p e n d 4  
e n t  o f t h e  n e x t .  T h is  p o in t  was f u r t h e r  e lu c id a t e d  by  j 
a  s tu d y  o f th e  v a r ia n c e  o f th e  c a lv in g  i n t e r v a l  be tw ee ri
j
cows w i th in  h e r d s .  T a b le  11 shows th e  r e s u l t s  o f  t h i s  I
i
a n a l y s i s .  I t  was b a se d  on 377 cows fro m  12 h e r d s ,  w i t l i  
e a c h  cow h a v in g  c o m p le te  r e c o rd s  f o r  th e  f i r s t  t h r e e i
c a lv in g  i n t e r v a l s .  T he r e s u l t s  s u p p o r te d  th e  c o n ­
ic  lu s  io n  draw n fro m  th e  f i r s t  a n a l y s i s ,  t h a t  t h e r e  was I
- j
| l i t t l e  o r  no te n d e n c y  f o r  a  cow to  r e p e a t  th e  l e n g th  of 
jh e r  c a lv in g  i n t e r v a l  in  s u c c e s s iv e  l a c t a t i o n s .  The 
c o e f f i c i e n t  o f  in t r a - c o w  c o r r e l a t i o n  w i t h in  h e rd s  a f t e r  
e l im in a t io n  o f th e  v a r ia n c e  due t o  age was o n ly  - 0 .0 2 4 ,  
and was n o t  s i g n i f i c a n t .
T a b le  10
C o r r e l a t i o n  b e tw een  th e  c a lv in g  i n t e r v a l s  
o f t h e  f i r s t  and seco n d  l a c t a t i o n s  o f  614
cows •
A v erag e  le n g th  o f f i r s t
c a lv in g  i n t e r v a l  s  4 1 9 .5  days
A v erag e  le n g th  o f  second
c a lv in g  i n t e r v a l  * 3 9 1 .9  days
C o r r e l a t i o n  
c o e f f i c i e n t  r  s  -0 .0 2 2  + 0 .0 4 0
29
Table 11
A n a ly s is  o f  v a r ia n c e  o f  th e  f i r s t  t h r e e  
c a lv in g  I n t e r v a l s  o f  377 cows fro m  12
h e rd s
S o u rc e d . f  .
Mean
sq u a re
C o m p o sitio n  o f 
mean s q u a re




l a c t a ­
t i o n s
2 120 ,6 4 2 0w2+377° " l N o <^L2 3 0 5 .7
Betw een
h e rd s 11 7 ,5 7 8
° w  +3OC2+n0<SHL2+nl '7H2 3 7 .1
Herd
l a c t a ­
t i o n
I n t e r ­
a c t i o n
22 4 ,396 2 2 +V i L 4 6 .2
B etw een
cows
w i th in
h e rd s
365 2 ,7 7 8
2 _i-_2 
S  +3®C - 7 0 .0
Rem ain­
d e r 730 2 ,9 8 8 O' 2  
W
2 ,9 8 8 .0
In te r - c o w  c o r r e l a t i c
r t f '  ira r 'i c
n w i th in  h e rd s  a f t e r
nnfl r?n A tin o crA — « o Z
g t  c r ^  
W C
-  -0 .0 2 4
A h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  how ever was 
found  t o  e x i s t  w i th in  l a c t a t i o n s ,  b e tw ee n  t h e  age of 
th e  cow i n  m onths an d  th e  l e n g th  o f th e  p re c e d in g  
c a lv in g  i n t e r v a l .  The i n t e n s i t y  o f t h i s  r e l a t i o n s h i p  
w i l l  be shown i n  a  su b s e q u e n t s e c t i o n  by  means o f  
a p p r o p r i a t e  c o r r e l a t i o n  and r e g r e s s i o n  c o e f f i c i e n t s .
For th e  p r e s e n t  p u rp o se  o f  i n d i c a t i n g  th e  n a tu r e  o f  th ijs  

















































































t e r v a l  on age  i s  shown g r a p h i c a l l y  in  F i g .  7 f o r  th e  ! 
se c o n d , t h i r d  and  f o u r t h  l a c t a t i o n s .  The r e g r e s s io n s  ! 
w ere  l i n e a r .  When th e  age  a t  c a lv in g  in c r e a s e d  by  o n e j 
d a y , th e  le n g th  o f  th e  p re c e d in g  c a lv in g  i n t e r v a l  |
in c r e a s e d  by  0.11 t o  0.20 d a y s ;  sb  t h a t ,  cows w h ich
c a lv e d  f o r  t h e  seco n d  tim e  a t  3 y e a r s  7 m on ths, h a d  a n '
(
a v e ra g e  p re c e d in g  c a lv in g  i n t e r v a l  o f 397 d a y s ,  b u t i f  |
i
t h e  se co n d  c a lv in g  was a t  3 y e a r s  2 m o n th s , th e  a v e ra g ^  
p re c e d in g  c a lv in g  i n t e r v a l  was 368 d a y s . T h is  r e l a t i o n ­
s h ip  b e tw ee n  age and p re c e d in g  c a lv in g  i n t e r v a l  m ust | 
t h e r e f o r e  b e  ta k e n  in to  c o n s id e r a t io n  in  a r r i v i n g  a t  |
s u i t a b l e  c o r r e c t io n s  f o r  th e  in f lu e n c e  o f  th e s e  |
j
v a r i a b le s  on p r o d u c t io n .
I t  i s  e v id e n t  fro m  th e  above a n a ly s e s  o f  th e  
i n t e r - r e l a t i o n s h i p s  o f a g e , m onth o f  c a lv in g  and  le n g th  
o f c a lv in g  i n t e r v a l ,  t h a t  t h e r e  a r e  two s i g n i f i c a n t
i
c o r r e l a t i o n s  w h ich  a r e  r e l e v a n t  t o  th e  p r e s e n t  s tu d y  ofj
t h e  n o n -g e n e t ic  c a u s e s  o f v a r i a t i o n  i n  m ilk  y i e l d .  The)
ii
f i r s t  i s  d u e  t o  th e  change  i n  s e a s o n a l  d i s t r i b u t i o n  o f | 
c a lv in g s  fro m  young t o  m atu re  cow s. The second  i s  t h e  
c o r r e l a t i o n  w i th in  l a c t a t i o n ^  b e tw een  th e  a g e  o f  th e  cojw 
and  th e  l e n g th  o f  th e  p re c e d in g  c a lv in g  i n t e r v a l .  I t  
i s  n e c e s s a r y  t o  make due  a llo w a n c e  f o r  th e s e  r e l a t i o n ­
s h ip s  in  a n a ly s in g  th e  in f lu e n c e  o f th e s e  v a r i a b le s  on 
p r o d u c t io n  -  a  p o in t  w hich  h a s  n o t  b e e n  s u f f i c i e n t l y  
a p p r e c i a te d  by  many p r e v io u s  i n v e s t i g a t o r s .
4 .  I n f lu e n c e  o f month o f  c a lv in g  on m ilk
y ie ld
A lth o u g h  s e v e r a l  a u th o r s  h a v e  s tu d ie d  th e  i n f lu e n c e  o f | 
m onth o f c a lv in g  on m ilk  p r o d u c t io n ,  t h e i r  r e s u l t s  hav^  
n o t b e en  i n  co m p le te  a g re e m e n t. T h is ,  how ever, i s  n o t  j
i
s u r p r i s i n g ,  b e c a u se  s e a s o n a l  in f lu e n c e s  a r e  bound t o  I
v a ry  i n  t h e i r  e f f e c t s  fro m  one l o c a l i t y  t o  a n o th e r  and  i
i
fro m  one fa rm  t o  a n o th e r  a c c o rd in g  to  v a r i a t i o n s  i n  th ^
n a tu r e  o f  th e  fo o d  s u p p ly  and o th e r  e x t e r n a l  f a c t o r s  ofj
|
m anagem ent. T h is  i s  r e v e a le d  even  w i th in  th e  c o n f in e s  | 
o f t h e  p r e s e n t  i n v e s t i g a t i o n .  The 12 h e rd s  u sed  in  j
t h i s  s tu d y  a r e  a l l  s i t u a t e d  i n  th e  so u th -w e s t  r e g io n  of(
I
S c o t la n d ,  and  a r e  r e p u te d  t o  be among th e  b e s t  o f th e  j 
A y rs h ire  b r e e d ,  w i th  s ta n d a r d s  o f  n u t r i t i o n  and m anage­
ment w e l l  above th e  a v e ra g e  f o r  th e  c o u n t r y .  One would, 
t h e r e f o r e  e x p e c t  a  h ig h  d e g re e  o f  u n i f o r m i ty  in  th e  
e f f e c t s  o f  s e a s o n  of c a lv in g  i n  th e s e  h e r d s ,  b u t  a s  wi}(l 
b e  shown l a t e r ,  t h i s  was n o t  s o .
In  s p i t e  o f  t h i s  v a r i a t i o n ,  a l l  i n v e s t i g a t o r s  
a r e  a g re e d  t h a t ,  g e n e r a l l y  s p e a k in g , c a lv in g  i n  th e  
summer m onths i s  l e s s  f a v o u r a b le  t o  p ro d u c t io n  th a n  
c a lv in g  i n  w i n t e r .  I n  t h e  p r e s e n t  d a t a ,  th e  a v e ra g e  
d i f f e r e n c e  i n  th e  180 d a y  m ilk  y i e l d s  o f  summer and 
w in te r  c a lv e r s  was a b o u t 10 p e r c e n t .  In  c o m p a riso n , 
S a n d e rs  (1 9 2 7 ) w o rk in g  w i th  m a t e r i a l  fro m  E n g l i s h  cow - 
t e s t i n g  A s s o c ia t io n s ,  fo u n d  d i f f e r e n c e s  o f th e  o rd e r  of 
15 t o  20 p e r  c e n t . ,  w h ile  t h e  f i g u r e  o b ta in e d  in  
Denmark b y  F r e d e r ik s e n  and  O s te rg a a rd  (1931) was o n ly  
2 t o  3 p e r  c e n t .  -  a  r e f l e c t i o n  o f th e  w ide  d i f f e r e n c e s  
in  m anagem ent and  n u t r i t i o n a l  f a c t o r s  o b ta in in g  i n
T a b le  12
R e la t i o n  b e tw een  m onth o f c a lv in g  and I n i t i a l  y i e ld
Month 1s t l a c t a t i o n 2nd l a c t a t i o n M ature  l a c t a t i Lons
of No .o f I n i t i a l Relative Ndcf I n i t i a l Relative No. o f I n i t i a l Relativec a lv in g cows y i e l d
( l b . )
y i e l d cows y ie ld
( l b . )
y i e ld cows y i e l d
( l b . )
y ie ld
J a n . 78 232 4 .8 9 6 .0 108 2 9 0 9 .9 96 .8 261 3 1 5 9 .9 97.9
F e b . 70 2 4 1 7 .0 9 9 .8 131 2 8 3 4 .2 9 4 .2 460 3 0 6 4 .1 94.9
Mar. 64 2 3 7 9 .8 98 .3 142 3 0 7 2 .8 102.2 504 3246 .5 100.5
A p l. 75 2500 .5 1 0 3 .3 72 3 1 2 1 .2 1 0 3 .8 285 3351 .1 103.8
May 58 2 5 5 1 .5 1 0 5 .4 47 3 1 0 7 .1 1 0 3 .3 139 3 3 9 2 .4 105.1
Ju ne 56 2 4 9 8 .9 1 0 3 .2 32 3099 .8 1 0 3 .1 63 3 3 9 3 .7 105.1
J u ly 39 2368 .5 9 7 .8 26 2915 .3 9 6 .9 59 3 1 5 4 .6 97.7
A ugust 62 2 4 3 0 .2 1 0 0 .4 32 2 9 5 0 .7 9 8 .1 57 3 2 6 7 .6 101.2
S e p t . 156 2 4 8 6 .7 1 0 2 .7 52 2991 .3 9 9 .5 88 332 6 .5 103.0
Oct • 194 2 4 7 9 .8 1 0 2 .4 88 3 0 8 4 .7 102.6 121 3 2 9 4 .1 102.0
Nov. 199 237 3 .0 9 8 .0 71 3086 .8 102.6 120 3 2 3 4 .2 100.2
D ec. 146 230 0 .8 9 5 .0 94 301 2 .5 100.2 149 3 2 4 8 .4 100.6
T o ta l  &
a v e ra g e 1 ,1 9 7 2421 .5 100.0 895 3 0 0 7 .2 100.0 2 ,3 0 6 3 2 2 9 .3 100.0
T a b le  15
R e la t i o n  b e tw ee n  m onth o f c a lv in g  an d  180 d ay  y i e l d
Month 1s t l a c t a t i o n 2nd l a c t a ' t i o n M ature , l a c ta l ;ions
o f No. o f 180 day Relative No.ctf 18.0 day Relative No. of 180 day Relative
c a lv in g cows y i e l d
( l b . )
y i e l d cows y i e l d
( l b . )
y i e l d cows y i e l d
( l b . )
y ie ld
J a n . 78 5 5 2 1 .0 9 9 .0 108 6 6 1 7 .7 100.8 261 7 1 6 8 .6 99.9
F e b . 70 5839 .3 1 0 4 .8 131 6 4 1 7 .7 9 7 .7 460 7 0 4 4 .0 98.1
M ar. 64 5 5 8 4 .5 100.2 142 6 8 3 9 .2 1 0 4 .2 504 7 3 2 3 .9 102.0
A p l. 75 5 4 5 3 .3 9 7 .8 72 6 5 6 1 .4 9 9 .9 285 7 2 0 7 .9 100.4
May 58 5 4 5 1 .7 9 7 .8 47 6 2 1 5 .9 9 4 .7 139 7 1 2 6 .6 99.3
Ju n e 56 5 3 2 4 .5 95 .5 32 6175 .8 9 4 .1 63 6 9 8 3 .9 97.3
J u ly 39 5 1 7 3 .2 9 2 .8 26 6 2 3 7 .3 95 .0 59 6 6 7 4 .4 93.0
A ugust 62 5 4 7 0 .6 9 8 .1 32 6 2 9 6 .1 9 5 .9 57 6 9 3 9 .7 96.7
S e p t . 156 5 7 7 3 .9 10 3 .6 52 6 5 5 2 .8 9 9 .8 88 7 3 2 5 .0 102.1
Oct • 194 5 7 2 8 .7 102.8 88 6 6 3 2 .6 101.0 121 7283 .8 101.5
Nov. 199 5 5 4 0 .4 9 9 .4 71 6 7 0 0 .2 102.0 120 7 1 8 7 .1 100.1
D ec. 146 5 4 5 4 .8 9 7 .9 94 6 6 4 2 .0 101.2 149 7 2 8 6 .7 101.5
T o ta l  &
100.0a v e ra g e 1 ,197 5 5 7 4 .0 100.0 895 6 5 6 6 .4 100.0 2 ,3 0 6 7 1 7 7 .3
j d i f f e r e n t  l o c a l i t i e s .
In  t h e  p r e s e n t  w ork, th e  g e n e ra l  t r e n d  o f  th e
v a r i a t i o n  in  m ilk  y ie ld  w ith  m onth o f  c a lv in g  was !
: i
| s tu d ie d  f o r  th e  f i r s t ,  s e c o n d , and l a t e r  l a c t a t i o n s  j
[S ep ara te ly . T h is  grouping in to  la c ta tio n s  was con sid er-
j  ed n e c e s s a r y ,  f i r s t l y  in  view  o f  th e  s e a s o n a l  change !
i n  c a lv in g s  fro m  young t o  m atu re  cows r e p o r te d  in  th e
i
p re c e d in g  s e c t i o n ,  and se c o n d ly  ow ing t o  d i f f e r e n c e s  i n  
! l e v e l  o f  p ro d u c t io n  among th e  d i f f e r e n t  l a c t a t i o n  g ro u p s , 
j  The r e s u l t s  f o r  i n i t i a l  and 180 day y ie ld s  a r e  p r e s e n te d
i  j
in  T a b le s  12 a n d  13 to g e t h e r  w ith  r e l a t i v e  v a lu e s  
o b ta in e d  b y  u s in g  th e  w e ig h te d  a v e ra g e  y ie ld  a s  b a s e .  
They show t h a t  young and m atu re  cows r e a c te d  i n  m c h  j
t h e  same way t o  s e a s o n a l  c h a n g e s . In  o rd e r  t o  p r e s e n t  
j th e  t r e n d s  more c l e a r l y ,  th e  r e s p o n s e s  t o  m onth o f
if
! c a lv in g  h a v e  b een  g rap h ed  i n  F i g .  8 . I n  F i g .  9 th e
| g e n e r a l  t r e n d  in  i n i t i a l  y i e ld  over a l l  l a c t a t i o n s
i
| ( o b ta in e d  by  th e  l e a s t  s q u a re s  m ethod of f i t t i n g
i
| c o n s ta n ts  w h ich  w i l l  b e  d e s c r ib e d  l a t e r )  i s  show n, an d  
on t h i s  c u rv e  i s  su p e rim p o sed  a n o th e r  c u rv e  show ing  th e  
s e a s o n a l  v a r i a t i o n  i n  th e  g ro w th  r a t e  o f t y p i c a l  g ra s s - j  
l a r d  h e rb a g e  in  t h i s  c o u n try  ( a f t e r  W atson 1 9 3 9 ) . I
j
C om parison o f th e s e  c u rv e s  s u g g e s ts  t h a t  th e  v a r i a t i o n ^
i
in  i n i t i a l  m ilk  y i e l d  a r e  c o n d it io n e d  i n  l a r g e  m easure  j
i
by th e  p r e v a i l i n g  c o n d i t io n s  o f  fo o d  s u p p ly .  The two J 
c u rv e s  o f  p r o d u c t i v i t y  -  m ilk  a n d  g r a s s la n d  -  e ac h  | 
e x h ib i t  tw o p e a k s ,  one i n  May and th e  o th e r  in  j
S e p te m b e r. The f i r s t  p eak  in  i n i t i a l  m ilk  y i e l d  j
i
c o rre sp o n d s  t o  a n  am ple s u p p ly  of h ig h ly  n u t r i t i o u s  |
>-< o <
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s p r in g  g r a s s  which., f o r  a  c o m b in a tio n  o f r e a s o n s ,  
e x e r t s  a  s t i m u l a t i n g  in f lu e n c e  on m ilk  p r o d u c t io n .
W ith  th e  a d v e n t o f midsummer th e  r a t e  o f p a s tu r e  g row tli 
d e c l i n e s ,  and  th e  g r a s s  i t s e l f  i s  o f low er n u t r i t i v e  j 
v a lu e .  The low er i n i t i a l  m ilk  y i e l d  o f J u ly  c a lv e r s  |
I
c o u ld  p e rh a p s  b e  a t t r i b u t e d  t o  in a d e q u a te  su p p le m e n ta ry  
f e e d in g  a t  t h i s  t im e .  A seco n d  f l u s h  o f  g r a s s  o c c u rs  
in  au tum n, and  t h i s  f a c t ,  c o u p le d  w ith  t h e  p r a c t i c e  o f 
“hand f e e d in g *  a t  t h i s  t im e , seen© to  be r e f l e c t e d  in  
th e  i n i t i a l  m ilk  y i e ld s  o f autum n c a l v e r s .  The c lo s e  j 
s i m i l a r i t y  i n  th e  p ro d u c t io n  cu rv es  f o r  m ilk  and g r a s s -[ 
la n d  becom es a l l  th e  more s t r i k i n g  when i t  i s  r e a l i s e d  
t h a t  th e  se co n d  p e a k  o f i n i t i a l  m ilk  p ro d u c t io n  i s  
low er th a n  th e  f i r s t  -  a  p o s s ib le  r e f l e c t i o n  o f  th e  
q u a n t i t y ,  q u a l i t y  an d  p a l a t a b i l i t y  o f h e rb a g e  a v a i l a b l e  
in  th e  au tum n a s  com pared w ith  th e  s p r i n g .
The t r e n d  o f  th e  180 day y ie ld  c u rv e s  m ig h t 
a l s o  b e  e x p la in e d  i n  r e l a t i o n  t o  th e  s e a s o n a l  m r i a t i o r ,  
i n  th e  g ro w th  c u rv e  o f g r a s s .  W ith  s p r in g  c a l v e r s ,  
a lth o u g h  t h e  i n i t i a l  y i e l d  i s  h ig h ,  t h i s  h ig h  l e v e l  o f 
p ro d u c t!o h  c an n o t be  m a in ta in e d  f o r  lo n g ,  ow ing to  t h e  
f a c t  t h a t  t h e  h e rb a g e  a v a i l a b l e  f o r  g ra z in g  by  th e s e  
cows in  midsummer h a s  d e t e r i o r a t e d .  In  co n seq u e n ce , 
th e  t o t a l  y i e l d  o f  th e  cow i s  a f f e c t e d  and  i s  c o m p a ra tiv e ly  
low . The p o o r  p r o d u c t io n  of summer c a lv e r s  c o u ld  a g a in  
be  a t t r i b u t e d  t o  th e  p oo r c o n d i t io n  o f p a s tu r e  
d u r in g  t h e  summer m o n th s , w hich  com pels th e  cow to  draw 
on i t s  body  r e s e r v e s  f o r  m ilk  p ro d u c t  io n ,  u n le s s  th e  
g r a z in g  i s  a d e q u a te ly  supp lem en ted  by s t a l l - f e e d i n g .
I T h is  im p o v erish m en t o f  body r e s e r v e s  d u r in g  th e  e a r l y  ! 
peak  p e r io d  o f l a c t a t i o n  ta k e s  i t s  t o l l  on th e  e n t i r e  j 
p ro d u c t io n  re c o rd .,  w i th  th e  r e s u l t  t h a t  th e  180 day  
y i e l d  i s  lo w . The c o m p a ra t iv e ly  h ig h  f i g u r e s  o b ta in e d  
f o r  au tum n and  w in te r  c a lv e r s  c o u ld  be a t t r i b u t e d  in  
p a r t  t o  s t a l l - f e e d i n g  an d  in  p a r t  t o  th e  b e n e f i c i a l  
in f lu e n c e  o f th e  n u t r i t i o u s  s p r in g  g r a s s  t o  w hich  th e y  
h av e  a c c e s s  i n  th e  m id d le  o f t h e i r  l a c t a t i o n s .
I t  i s  c l e a r  t h e r e f o r e  t h a t  i f  th e  d i f f e r e n c e s  
| i n  p r o d u c t io n  b e tw een  summer and w in te r  c a lv e r s  are  t o  
j be m in im ised  and t h e  u n fa v o u ra b le  e f f e c t s  o f  summer
i
; c a lv in g  e l im in a te d ,  a d e q u a te  a t t e n t i o n  m ust be p a id  by
I
j th e  d a i r y  fa rm e r  t o  th e  fe e d  re q u ire m e n ts  o f summer 
! c a lv e r s  d u r in g  th e  p e r io d  when th e  q u a l i t y  o f h e rb a g e  
on h i s  fa rm  i s  r e l a t i v e l y  p o o r .  A dequate  su p p la m e n ta ry ■ 
s t a l l - f e e d i n g  a t  su c h  tim e s  and th e  d ev e lo p m en t o f  
b e t t e r  sy s te m s  o f g r a s s l a n d  m anagement a r e  p ro b a b ly  the 
o n ly  m ethods by  w h ich  any  m a t e r i a l  advance  c an  be  made 
in  t h i s  d i r e c t i o n .
The v a r i a n c e  o f  th e  l a c t a t i o n  r e c o r d s  due to  
month o f c a lv in g  h a s  b e en  a n a ly s e d  b y  u s in g  th e  180 d a y  
m ilk  y i e l d s  o f  th e  t h i r d  and l a t e r  l a c t a t i o n s .  UShen 
th e  d a ta  from  th e  12 h e rd s  w ere t r e a t e d  a s  a  s in g le  
hom ogeneous p o p u la t io n ,  th e  p r o p o r t io n  o f  th e  t o t a l  
v a r ia n c e  due t o  d i f f e r e n c e s  b e tw e e n  m onths o f c a lv in g
i
was o n ly  0 .6 9  p e r  c e n t .  (T ab le  1 4 ) .  B u t when t h e  
a n a l y s i s  was done f o r  e a c h  h e rd  s e p a r a t e l y ,  and th e  
i n d iv id u a l  d e g re e s  o f free d o m  and sums o f s q u a re s  
t o t a l l e d ,  th e  r e s u l t i n g  v a r ia n c e  in c r e a s e d  t o  2 .7 4  p e r
I c e n t ,  (T ab le  1 5 ) ,  T h is  shows t h a t  2 .7 4  p e r  c e n t ,  o f  j| i
t h e  t o t a l  v a r ia n c e  was due t o  d i f f e r e n c e s  be tw een  !
| m onths o f c a lv in g  w i th in  h e r d s ,  and  t h i s  i s  a  b e t t e r!
m easu re  o f th e  e f f e c t  o f month o f  c a lv in g  on m ilk  y i e l d  
th a n  th e  f i r s t .  B u t i t  sh o u ld  b e  p o in te d  o u t t h a t  e v e n  
t h i s  a n a l y s i s  d o e s  n o t  in c lu d e  th e  com ponent due  t o  
h e rd  m onth i n t e r a c t i o n s .  T h is  was u n a v o id a b le  owing 
t o  d i s p r o p o r t io n a te  num bers i n  th e  s u b - c la s s e s  and 
owing to  th e  f a c t  t h a t  no a c c u r a te  m ethod o f  a n a ly s i s  
i s  a v a i l a b l e  f o r  su c h  d a t a ,
| T a b le  14
1
! A n a ly s is  o f v a r ia n c e  due to  m onth of c a lv in g
i (B ased  on th e  180 day  m ilk  y i e ld s  o f  2306 m a tu re  l a c t ­
a t i o n  r e c o r d s ,  th e  d a t a  from  th e  12 h e rd s  b e in g  t r e a t ­
ed a s  a  s i n g l e  hom ogeneous p o p u la t io n )
S o u rc e
'i—
d . f . Mean s q u a re
C om position  
o f mean 
s q u a re  *
V a ria n c e
compon­
e n t
B etw een 
m onths o f 
c a lv in g
W ith in  
m onths of 
c a lv in g
11
2294
4 ,1 1 1 ,6 0 8





1 2 ,5 7 9
1 ,8 2 3 ,7 6 0
P e rc e n ta g e  o f t o t a l  v a r ia n c e  due t o  
m onth o f c a lv in g  = M
s  0 .6 9  p e r  c e n t ,
*  n  i n  t h i s  column r e p r e s e n t s  th e  a v e ra g e  num ber o f
l a c t a t i o n s  in  e a c h  m onth f o r  t h e  w hole p o p u la t io n ,  and
i s  d e r iv e d  f ro m  th e  g e n e r a l  fo rm u la  r e f e r r e d  t o  i n  th e  
f o o tn o te s  t o  T ab le s  1 and  2 .
T ab le  15
A n a ly s is  o f v a r ia n c e  due t o  m onth o f
c a lv in g
(B ased  on th e  same d a ta  a s  T ab le  1 4 , b u t  th e  a n a ly s i s  
was done f o r  e a c h  h e rd  s e p a r a t e l y ,  and  th e  I n d iv id u a l  
d e g re e s  o f free d o m  and  sums o f s q u a re s  t o t a l l e d  to  
g iv e  th e  fo l lo w in g  r e s u l t s )
S o u rc e d . f . Mean sq u a re V a ria n c ecompon­
e n t
B etw een m onths o f
c a lv in g 128 2 ,2 1 7 ,3 6 8 43 ,8 2 9
W ith in  m onths o f
c a lv in g 2166 1 ,5 5 4 ,2 3 3 1 , 5 54 ,233
P e rc e n ta g e  of t o t a l  v a r ia n c e  due to  
m onth o f c a lv in g  w i th  h e r d s ,
4 3 ,8 2 9 ___ ■ 2 -74 p e r  c e n t .
4 3 ,8 2 9  + 1 ,5 5 4 ,2 3 3
C o r r e c t io n  o f  m ilk  y i e ld s  f o r  m onth  o f  c a lv in g
I t  i s  a c c e p te d  t h a t  th e  d e te r m in a t io n  o f 
a d e q u a te  c o r r e c t i o n  f a c t o r s  f o r  e n v iro n m e n ta l i n f lu e n c e s  
is  fu n d a m e n ta l t o  a l l  g e n e t i c a l  r e s e a r c h .  The o b je c t  
o f  su c h  c o r r e c t i o n  f a c t o r s  i s  t o  f a c i l i t a t e  th e  
s t a n d a r d i s a t i o n  o f  t h e  r e c o r d s  t o  a  common e n v iro n m en t, 
so  t h a t ,  u l t i m a t e l y ,  a  c l a s s i f i c a t i o n  o f t h e  cows 
a c c o rd in g  t o  t h e i r  t r u e  h e r e d i t a r y  p o t e n t i a l i t i e s  may 
b e  p o s s i b l e .
D i f f e r e n t  m ethods o f c a l c u l a t i n g  c o r r e c t io n  
f a c t o r s  f o r  m onth o f  c a lv in g  have  b e en  u se d  i n  th e  p a s t) , 
b u t e s s e n t i a l l y ,  t h e  c o r r e c t i o n  f a c t o r  f o r  an y  m onth 
i s  g iv e n  b y  th e  r a t i o  o f  th e  v a lu e  o f  th e  s ta n d a rd  montfh
t o  th e  v a lu e  o f t h a t  p a r t i c u l a r  m onth . In  d e t a i l ,  
h o w ev er, th e  ty p e  o f c o r r e c t io n  c o e f f i c i e n t  u sed  has 
v a r i e d  c o n s id e r a b ly  in  d i f f e r e n t  i n v e s t i g a t i o n s .
W hile  S a n d e rs  (1927) u sed  th e  sam e c o r r e c t io n  f a c t o r s  
f o r  a l l  cows c a lv in g  i n  a  p a r t i c u l a r  m onth, K ruger 
(1 9 3 4 , 1937) c o r r e c t e d  th e  i n d iv i d u a l  l a c t a t i o n  r e c o r d  
on th e  b a s i s  o f th e  a v e ra g e  y i e l d  o f  a l l  cows in  th e  
same h e rd  an d  t h e  same s e a s o n . K ru g e r ’ s c o r r e c t i o n  wa^ 
b a se d  on th e  f a c t  t h a t  th e  r e s p o n s e  t o  s e a s o n  o f  j
c a lv in g  v a r i e s  from  h e rd  to  h e r d .  B u t, ow ing t o  th e  j
j
s c a r c i t y  o f  cows c a lv in g  in  c e r t a i n  m onths o f th e  y e a r^  
he  u s e d , i n  f a c t ,  a  ’’m oving” s ix -m o n th s  a v e ra g e  as th e  
b a s i s  o f h i s  c o r r e c t i o n .  Jo h a n sso n  and  Hans so n  (1 940 ) 
ho w ev er, h av e  p o in te d  o u t t h a t  t h i s  m ethod s u f f e r s  frorii 
th e  s e r io u s  h a n d ic a p  t h a t  more th a n  50  p e r  c e n t ,  o f th q  
cows may c a lv e  in  two o f th e  s i x  m on ths, and t h e r e f o r e  
t h i s  ’’m oving” a v e ra g e  c a n n o t b e  v e ry  r e p r e s e n t a t i v e .
They h av e  t r i e d  t o  overcom e t h i s  d i f f i c u l t y  by  d iv id in g  
th e  l a c t a t i o n  r e c o r d s  i n  e a c h  h e rd  an d  each  y e a r  in to  
th o s e  o f  summer and  w in te r  c a l v e r s ,  a n d  th e n  c o r r e c t i n g  
f o r  t h e  d i f f e r e n c e  b e tw ee n  th e  a v e ra g e s  o f th e  two 
g ro u p s • Even t h i s  m ethod h a s  i t s  draw backs • One c a n n o t 
e x p e c t t o  o b ta in  a s  r e l i a b l e  r e s u l t s  u s in g  two g ro u p s 
o n ly  -  summer and  w in te r  c a lv e r s  a s  when u s in g  12 
d i f f e r e n t  g ro u p s  a c c o rd in g  t o  m onth o f  c a l v i n g .  In  
f a c t ,  Jo h a n sso n  a n d  H ansson  th e m se lv e s  r e p o r t  t h a t  
u s in g  2 s e a s o n s ,  o n ly  3*3 p e r  c e n t ,  o f  th e  t o t a l  
v a r ia n c e  was fo u n d  t o  be d u e  t o  s e a s o n  o f c a lv in g  i n  
t h e i r  m a t e r i a l ,  b u t  when m o n th ly  r e c o r d s  w e re  u se d  t h e
! f i g u r e  was 5 .3  p e r  c e n t .
I t  i s  e v id e n t  fro m  th e  above s tu d ie s  t h a t  i f  j 
j  t h e  c o r r e c t i o n  f a c t o r s  a r e  t o  b e  a c c u r a t e ,  th e y  s h o u ld  ;
: I
! be b a se d  on m onth  of c a lv in g ,  and w h e re v e r  s i g n i f i c a n t  j 
| h e rd  m onth i n t e r a c t i o n s  e x i s t ,  th e y  sh o u ld  a l s o  b e  
| c a l c u l a t e d  w i th in  h e r d s .  In  th e  p r e s e n t  a n a l y s i s  o f
! t h e  in f lu e n c e  o f  m onth o f  c a lv in g  on m ilk  y i e l d ,  i t
I j
■ was t h e r e f o r e  d e c id e d  t o  t e s t  th e  s i g n i f i c a n c e  o f t h e s e
i  j
| i n t e r a c t i o n s  b e f o r e  a r r i v i n g  a t  a p p r o p r i a t e  c o r r e c t io n !i i
i f a c t o r s .  S t a t i s t i c a l l y ,  a  g e n e r a l  m ethod of a n a l y s i s  
t o  e l u c id a t e  su c h  in fo rm a tio n  fro m  m u l t ip le  c l a s s i f i c - j  
a t i o n s  and n o n -o r th o g o n a l  d a ta  has b e e n  d e v e lo p e d  by
I
Y ates (1 9 3 3 ) . I t  c o n s i s t s  o f a  p ro c e s s  o f f i t t i n g  j  
c o n s ta n t s  b y  th e  m ethod o f  l e a s t  s q u a r e s .  ”T e s ts  o f  
| s i g n i f i c a n c e  a r e  made b y  f i t t i n g  c o n s ta n ts  t o  r e p r e s e n t
I
a l l  e f f e c t s  o th e r  th a n  th e  one t o  b e  t e s t e d ,  e v a lu a t in g
I
th e  r e s i d u a l  v a r ia n c e  b e tw een  c l a s s e s  a f t e r  f i t t i n g  h a^
i
been  p e rfo rm e d , and  com paring  t h i s  v a r ia n c e  w i th  th e  I 
I n t r a - c l a s s  v a r i a n c e . ” ( Y a te s ) .  I n  t h e  p r e s e n t  i n s t a n c e ,  
in  o rd e r  to  d e te rm in e  w h e th e r  t h e r e  i s  any  i n t e r a c t i o n  j 
be tw een  h e rd s  and  m onths o f  c a lv in g ,  c o n s ta n ts  
r e p r e s e n t in g  h e rd s  and m onths a r e  f i t t e d ,  a n d  th e  
r e s i d u a l  v a r ia n c e  a f t e r  t h i s  f i t t i n g  itf. d o n e , i s  th e n  
t e s t e d  f o r  s i g n i f i c a n c e  a g a i n s t  th e  w i th in  c l a s s  
v a r i a n c e .
The r e s u l t s  o f  su c h  a n  a n a ly s i s  o f  v a r ia n c e  j
j
b a sed  on th e  180 d a y  y i e l d s  o f  2306 m atu re  l a c t a t i o n s  j 
( t h i r d  and  l a t e r  l a c t a t i o n s )  o f cows from  12 h e rd s  a r e  
g iv e n  in  T a b le  1 6 . I t  shows t h a t  t h e r e  w ere  h ig h ly
39
s i g n i f i c a n t  h e rd  m onth i n t e r a c t i o n s  i n  m ilk  y i e l d ,  , 
i n d i c a t i n g  th e r e b y  a  d i f f e r e n t i a l  re s p o n s e  o f  d i f f e r e n t  
h e rd s  t o  m onths o f  c a l v i n g • I t  c an  t h e r e f o r e  be
i l e g i t i m a t e l y  co n c lu d ed  t h a t  i f  th e  b e s t  r e s u l t s  a re  t o !
: i
| b e  o b ta in e d ,  c o r r e c t i o n s  f o r  m onth o f  c a lv in g  m ust b e
|
i done w i t h in  h e rd s #  I n  t h e  l i g h t  o f  t h i s ,  i t  i s  e v id e n t  
t h a t  t h e  t r e a tm e n t  o f t h i s  p ro b lem  by  p re v io u s  in v e s t  i-f* 
g a to r s  l i k e  S a n d e rs  (1927 ) and S ik k a  (1 9 4 0 ) , h a s  n o t
i ■
| b e e n  q u i te  a d e q u a te #  S uch  c o r r e c t i o n  f a c t o r s  a s  th e y  ;
| u s e d ,  c a n n o t be  e x p e c te d  to  g iv e  th e  m ost a c c u r a te
; r e s u l t s ,  b e c a u se  th e y  h av e  no b e a r in g  on l o c a l  c o n d i t io n s  
w i th in  h e rd s  •
T ab le  16
A n a ly s is  o f v a r ia n c e  of h e rd  month i n t e r ­
a c t io n s  i n  m ilk  y ie i a *
S o u rce d . f . Sum o f  s q u a re s
Mean
s q u a re P
C o n s ta n ts 22 6 1 9 ,6 1 3 ,9 3 3 2 8 ,1 6 4 ,2 7 0
R em ainder
( i n t e r ­
a c t i o n )
117 2 4 2 ,8 7 7 ,2 3 8 2 ,0 7 5 ,8 7 4 1 .42*
B etw een
c la s s e s 139 8 6 2 ,4 9 1 ,1 7 1
W ith in
c la s s e s 2166 3 ,1 6 3 ,0 7 0 ,9 3 0 1 ,4 6 0 ,3 2 8
T o ta l 2305 4 ,0 2 5 ,5 6 2 ,1 0 1
! A f u r t h e r  c o n s id e r a t i o n  was n e c e s s a r y  b e f o r e
i a r r i v i n g  a t  th e  c o r r e c t io n  f a c t o r s  to  b e  a p p l ie d  t o
j
th e  p r e s e n t  d a t a .  I t  w a s , t o  d e te rm in e  w h e th e r  th e  
I i
i c o r r e c t i o n s  f o r  m onth o f  c a lv in g  had  to  b e  made n o t |
| o n ly  w i th in  h e r d s ,  b u t  a l s o  w i th in  y e a r s .  I t  i s  a  w e l l -
i s
known f a c t  t h a t  th e  summer o f one y e a r ,  f o r  ex am p le , 
may b e  c o n s id e r a b ly  d r i e r  th a n  th e  summer o f t h e  n e x t , 1
and  t h i s  w ould n e c e s s a r i l y  h a v e  a  b e a r in g  on th e
q u a n t i t y  and  q u a l i t y  o f  p a s tu r e  a v a i l a b l e  in  th e  tw o
y e a r s .  So a l s o  th e  w in te r  o f one y e a r  may b e  m i ld e r  
th a n  th e  n e x t ,  w i th  t h e  r e s u l t  t h a t  cows may b e  p u t  t o  
| g r a s s  e a r l y  in  th e  fo l lo w in g  s p r i n g .  S uch  v a r i a t i o n s  ! 
i n  th e  d ry n e s s  o f th e  summer and  th e  s e v e r i t y  o f  th e  
w in te r  a r e  bound t o  o c c u r  fro m  y e a r  t o  y e a r  f o r  any
!
| h e r d ,  and  th e s e  f a c t o r s  w ould in f lu e n c e  t h e  f e e dI
p o s i t i o n  and  t h e r e f o r e  m ilk  p r o d u c t io n .  I t  may c o n -
i
s e q u e n t ly  be  a rg u e d  t h a t  th e  b e s t  c o r r e c t i o n  f o r  m onth 
o f c a lv in g  w ould be  one t h a t  i s  com puted on a  w i th in  
j  h e rd s  and w i th in  y e a r s  b a s i s .  B u t t h e r e  i s  one s e r io u s  
d raw back to  su c h  a  c o r r e c t i o n .  I n  th e  h e rd s  s t u d i e d ,  
th e  a v e ra g e  number o f  cows in  m ilk  p e r  y e a r  was i n  th e  
r e g io n  o f 40 t o  5 0 ; and  o f  t h e s e ,  th e  nuutoer o f 
c a lv in g s  d u r in g  c e r t a i n  m onths o f  th e  y e a r ,  n o ta b ly  th e  
summer m o n th s , was v e ry  s m a l l .  T h e r e fo r e ,  an y  a t te m p t  
t o  c o r r e c t  f o r  m onth o f  c a lv in g  w i th in  y e a rs  i n  a  h e rd
!
would h a v e  b e e n  s u b j e c t  t o  a  h ig h  d e g re e  of chance v a r ­
i a t i o n  d u e  t o  p a u c i ty  o f  num bers • I t  i s  o n ly  i n  v e ry  
la r g e  h e rd s  w here th e  b a s i s  o f c o r r e c t i o n  i s  n o t l i a b l e  
t o  much c h an c e  e r r o r s  t h a t  su c h  a  m ethod c o u ld  b e
I em p loyed . In  c o n se q u e n c e , in  th e  p r e s e n t  a n a l y s i s  i t  
| was d e c id e d  t o  c o r r e c t  f o r  m onth o f c a lv in g  w i t h in  
h e rd s  i r r e s p e c t i v e  o f  y e a r s . U n lik e  th e  y e a r ly  v a r ­
i a t i o n s  w h ich  a r e  more in  t h e  n a tu r e  o f  f l u c t a t i o n s ,  ! 
th e  h e rd  m onth i n t e r a c t i o n s  a r e  o f  a  more perm anen t 
n a tu r e  and  a r e  c e r t a i n l y  m ore im p o r ta n t .  I
The a c t u a l  m ethod o f  c a l c u l a t i n g  c o r r e c t i o n  j 
c o e f f i c i e n t s  was i n  i t s e l f  f u r t h e r  d e s ig n e d  t o  overcom e
j
| a s  f a r  a s  p o s s i b l e ,  t h e  e f f e c t  o f s m a l l  num bers i n  th e !
| s u b -g ro u p s  a n d  th e  c o n seq u e n t l ik e l ih o o d  o f  chance  j
I I
| v a r i a t i o n .  T h is  was a c c o m p lish e d  by  d iv id in g  th e  |
! l a c t a t i o n s  i n  e a c h  h e rd  i n to  t h r e e  g ro u p s ( 1s t ,  2n d , j
! t
| and  l a t e r  l a c t a t i o n s ) ,  and th e n  s e t t i n g  up th e  schem e j
| f o r  t e s t i n g  th e  i n t e r a c t i o n  b e tw een  months and
I
| l a c t a t i o n s  w i th in  h e r d s .  The f i t t e d  c o n s ta n ts  f o r  
j  m onths o b ta in e d  from  t h i s  schem e w ere  th e  b e s t  
e s t im a te s  o f  th e  m o n th ly  a v e r a g e s ,  and  w ere u se d  t o  
p ro v id e  c o r r e c t i o n  f a c t o r s .  The c o r r e c t i o n  f a c t o r s  f o r  
th e  12 h e rd s  s tu d i e d  a re  l i s t e d  i n  A ppendix  T a b le  3 .
42
5 • I n f lu e n c e  of a g e  on m ilk  y i e l d  
The v a r i a t i o n  in  th e  m ilk  y i e l d  o f  a  cow w ith  a g e  a t
t
c a lv in g  has b e en  e x te n s iv e ly  i n v e s t i g a t e d  by num erous j  
a u t h o r s . T here  i s  g e n e r a l  ag reem en t t h a t  th e  m ilk  ! 
y i e l d  in c r e a s e s  w i th  a g e  up t o  m a tu r i ty  and t h e r e a f t e r !  
d e c l i n e s .  I n  d e t a i l ,  how ever, t h e r e  i s  c o n s id e r a b le  j  
v a r i a t i o n  in  th e  f i n d in g s  o f d i f f e r e n t  i n v e s t i g a t o r s  j 
in  r e g a r d  t o  b o th  th e  r a t e  o f in c r e a s e  and  t h e  p e r io d  j  
f o r  w h ich  t h e  r i s e  l a s t s .  A c c o rd in g  to  som e, th e  J
I
m atu re  y i e l d  i s  a t t a i n e d  by  a b o u t th e  f i f t h  o r s i x t h  I
!
l a c t a t i o n ,  w h ile  o th e r s  r e p o r t  t h a t  i t  o c c u rs  a t  a  j
|
much l a t e r  p e r io d  i n  l i f e .  I t  i s  c l e a r l y  n e c e s s a ry  j  
t h e r e f o r e  t o  i n v e s t i g a t e  th e  r e a s o n  f o r  th e s e  d i f f e r e n c e s .
The e a r l y  s t u d i e s  on th e  s u b je c t  (Gowen 1920, 
1924, T u rn e r  1927 , and  o th e r s )  were b a se d  on a v e ra g e s  
c a l c u l a t e d  f o r  a l l  a v a i l a b l e  r e c o r d s  wlum pedff tfc g e th e r  
i n to  c l a s s e s  a c c o rd in g  t o  th e  d i f f e r e n t  age  g r o u p s .
The r e s u l t s  o f  su c h  s tu d ie s  a r e  bound to  b e  e r ro n e o u s  
in  so  f a r  as th e  l a t e r  ag e  c l a s s e s  w ould c o n ta in  a 
s e l e c te d  p o p u la t io n  a s  com pared w i th  th e  e a r l y  o n e s .
The r e s u l t s  o b ta in e d  b y  u s in g  t h i s  m ethod f o r  th e  
p r e s e n t  d a ta  w ere  shown i n  T a b le  5 .  A cco rd in g  t o  t h i s  
t a b l e ,  p e a k  p r o d u c t io n  i n  b o th  i n i t i a l  and  180 d ay  yie|Lds 
was a t t a i n e d  o n ly  a t  th e  e ig h t h  l a c t a t i o n .
B u t ,  i f  t h e  r e l a t i o n s h i p  b e tw een  a g e  and j
p ro d u c tio n  i s  t o  be  d e te rm in e d  a c c u r a t e l y ,  i t  i s  |
n e c e s s a ry  in  th e  f i r s t  p la c e  to  make a d e q u a te  a llo w a n c e  
f o r  t h e  in f lu e n c e  o f  s e l e c t i o n .  The i d e a l  m ethod w ould 
be t o  b a s e  t h e  s tu d y  on a  p o p u la t io n  i n  w hich  no !
c u l l i n g  had  ta k e n  p l a c e .  T h is  i s ,  how ever, a lm o s t 
im p o s s ib le ,  b ecau se  th e  p e r io d ic  w eed ing  ou t o f un­
p r o f i t a b l e  a n im a ls  i s  a  n e c e s s a r y  f e a t u r e  o f  no rm al 
h e rd  p r a c t i c e .  I t  i s  o n ly  i n  an  e x p e r im e n ta l  h e rd  
s p e c i a l l y  m a in ta in e d  f o r  th e  p u rp o se  o f  r e s e a r c h ,  t h a t  
t h e  i d e a l  o f a n  u n s e le c te d  p o p u la t io n  m ight b e  a c h ie v e d
i
In  c o n se q u e n c e , i t  becom es n e c e s s a ry  t o
i
e x e r c i s e  some fo rm  o f  s t a t i s t i c a l  c o n t r o l  over th e  
d a t a ,  and make due a llo w a n c e  f o r  th e  in f lu e n c e  o f  t h i s  
i n e v i t a b l e  s e l e c t i o n .  Two p o s s ib le  te c h n iq u e s  c o u ld  bp  
u t i l i s e d  f o r  t h i s  p u rp o s e . One c o n s i s t s  o f  r e s t r i c t i n g  
th e  d a t a  to  a n im a ls  t h a t  h av e  b e e n  k e p t f o r  a t - l e a s t  
f i v e  or s i x  l a c t a t i o n s  i n  th e  h e r d .  F o r th e  s tu d y  of 
A y rs h ir e  c a t t l e  i n  S c o t la n d ,  t h i s  m ethod was u se d  by 
Kay and  M cC andlish  (1 9 2 9 ) . S in c e  i t  i s  b ased  on 
s u c c e s s iv e  l a c t a t i o n  y i e l d s  o f t h e  same cow s, i t  
e l im in a te s  a l l  e r r o r s  r e s u l t i n g  fro m  s e l e c t i o n  i n  a  
norm al p o p u la t i o n .  A p o te n t  o b je c t io n  t o  t h i s  t e c h ­
n iq u e ,  how ever, i s  t h a t  su c h  a  r e s t r i c t i o n  e x e r c i s e s  a 
l im i t i n g  e f f e c t  on th e  am ount o f  d a ta  t h a t  c a n  b e  
u t i l i z e d  f o r  s u c h  s t u d i e s .  The o th e r  method o f s tu d y  
i s  due t o  S a n d e rs  (1 9 2 8 ) , a n d  i s  te rm e d  th e  wp a i r e d -  
l a c t a t i o n 11 m e th o d . I t  i s  s o  c a l l e d  b e c a u se  i t  in v o lv e ^  
th e  p a i r i n g  t o g e t h e r  o f  c o n s e c u t iv e  l a c t a t i o n  r e c o r d s  
o f  th e  same cows h a v in g  tw o o r  more l a c t a t i o n s .  The 
f i r s t  l a c t a t i o n  f i g u r e s  a r e  com pared w i th  th e  second  
f o r  th e  same g ro u p , th e  second  w i th  th e  t h i r d  and s o  o^i 
F o r ex am p le , i n  th e  p r e s e n t  d a ta  t h e r e  w ere 822 cows 
whose f i r s t  and  second  l a c t a t i o n  r e c o r d s  w ere a v a i l a b l y
T h e i r  a v e ra g e  180 day  y i e l d  d u r in g  th e  f i r s t  l a c t a t i o n  
| was 5 6 1 1 .2  l b . ,  and  i n  th e  second  l a c t a t i o n  6 5 8 7 .4  l b .!
! T h ese  a v e ra g e s  show th e  in c r e a s e  i n  y i e ld  due t o  ag e  
|  f o r  th e  same cows from  th e  f i r s t  t o  th e  seco n d  l a c t a -  j  
| t i o n .  S i m i l a r l y ,  th e r e  w ere  588 cows whose second  and;
I  t h i r d  l a c t a t i o n  y ie ld s  f o r  180 days w ere a v a i l a b l e ,  
j  and t h e i r  a v e ra g e s  w ere 6 6 8 0 .2  l b .  and  7 0 4 1 .8  l b .  j
I i
| r e s p e c t i v e l y  f o r  th e  s e c o n d  an d  t h i r d  l a c t a t i o n s .  The| 
j f i r s t  and  t h i r d  l a c t a t i o n  y ie ld s  w ere th e n  com pared !
| d i r e c t l y  by c o r r e c t i n g  f o r  th e  s e l e c t i o n  e v id e n c e d  by |
I th e  d i f f e r e n c e  i n  second  l a c t a t i o n  y ie ld s  b e tw e e n  th e  !
I
822 and  th e  588 cow s. The a v e ra g e  y i e l d  d u r in g  t h e  j 
t h i r d  l a c t a t i o n  a f t e r  a llo w a n c e  f o r  s e l e c t i o n  i s  th e re f -
f o r e  g iv e n  by  x  7 0 4 1 .8  l b .  T h is  p ro c e s s  i s
0680  »2
! r e p e a te d  f o r  a l l  o th e r  a g es  •
j
| One im p o r ta n t  o b je c t io n  t h a t  c o u ld  b e  r a i s e d
| a g a in s t  th e  two m ethods o u t l in e d  i n  t h e  p re c e d in g  p ara t-
i
| g ra p h  i s  t h a t  a n  e r r o r  m igftt b e  in tr o d u c e d  i n t o  th e  
I c o m p u ta tio n s  by  a  g r a d u a l  im provem ent in  th e  e n v ir o n -  
| ment from  y e a r  t o  y e a r .  Any im provem ent in  h e rd  
management o r  f e e d in g  w ould b e  a d d i t i v e  to  th e  ag e  
e f f e c t ,  and  c o r r e c t i o n  f a c t o r s  f o r  age  w ould  th e r e f o r e  
in c lu d e  th e  changes due t o  e n v iro n m e n ta l  t r e n d s .  In  
f a c t ,  i f  t h e  d a ta  u n d e r  i n v e s t i g a t i o n  had e x te n d e d  ov er 
a  v e ry  lo n g  p e r io d  o f  y e a r s ,  t h e  d e g re e  o f e r r o r  c o u ld  
be v e ry  h ig h  in d e e d .  B u t, in  t h e  p r e s e n t  i n v e s t i g a t i o n ,
i
th e  p e r io d  o f y e a r s  was r e s t r i c t e d  t o  t e n  and was 
c a r e f u l l y  chosen  so  a s  t o  b e  f a i r l y  homogeneous • More­
o v e r , th e  p r e l im in a r y  a n a l y s i s  o f  v a r ia n c e  b e tw ee n
45
y e a rs  (T a b le  6 ) showed t h a t  t h e r e  h ad  b e e n  no s i g n i f ­
i c a n t  t r e n d  in  a v e ra g e  p ro d u c t io n  th ro u g h  th e  y e a rs  
1930 t o  1938 . I t  seem s u n l i k e l y  t h e r e f o r e  t h a t  such  
f a c t o r s  c o u ld  m a t e r i a l l y  a f f e c t  th e  p r e s e n t  i n v e s t i ­
g a t i o n .
The r e s u l t s  o b ta in e d  b y  t h e  s tu d y  o f s u c c e s s ­
iv e  l a c t a t i o n s  o f  th e  same cows and b y  th e  Mp a i r e d -  
l a c t a t i o n *1 m ethod a r e  p r e s e n te d  i n  T a b le s  17 t o  2 0 . 
C om parison o f th e  r e s u l t s  o b ta in e d  b y  t h e  M lum ped-  
l a c t a t i o n M m ethod (T ab le  5 )  w ith  t h e s e ,  shows q u i te  
c l e a r l y  t h e  e x te n t  t o  w h ich  th e  fo rm er a r e  f a l l a c i o u s . !  
When a llo w a n c e  was made f o r  t h e  in f lu e n c e  o f  s e le c t io n ) ,  
th e  p e a k  o f  i n i t i a l  and 180 d ay  p ro d u c t io n  was a t t a i n e d  
by  th e  f i f t h  l a c t a t i o n .
T a b le  17
R e la t io n  b e tw een  th e  a g e  o f  th e  cow as 
m easu red  i n  l a c t a t i o n s  a n d  h e r  i n i t i a l  and  
180 day  m ilk  y ie ld s
(B ased on 187 cow s, each  o f w h ich  had  co m p le te  r e c o r d s  
f o r  th e  f i r s t  5 l a c t a t i o n s )
L a c ta t io n
number
I n i t i a l  m ilk  
y i e l d
( l b . )
180 day  m ilk  
y i e ld
( l b . )
1 2 4 2 9 .0 5 7 3 3 .9
2 3 0 4 8 .4 6763 .9
3 3 3 1 2 .1 7 3 0 4 .7
4 3 3 7 6 .8 7 4 8 6 .2
5 3 4 2 2 .9 7 5 9 2 .8
Table 18
R e la t io n  b e tw een  th e  a g e  o f th e  cow 
a s  m easured  In  l a c t a t i o n s  and  h e r
i n i t i a l  and  180 d ay  m ilk  y i e ld s
(B ased  on 94 cow s, e a c h  o f  w h ich  had co m p le te  r e c o rd s  
f o r  th e  f i r s t  6 l a c t a t i o n s )
L a c ta t io n
number
I n i t i a l  m ilk  
y ie ld
( l b . )
-------------------  ’ ”1
180 d a y  m ilk
y ie ld
( l b . )
1 2457 .3 5 7 8 5 .1
2 3015 .4 6 7 1 2 .1
3 3335 .3 7 3 8 9 .1
4 3 4 5 4 .5 7 6 7 0 .3
5 3 5 7 8 .6 7934 .9
6 3 4 3 2 .4 7 5 1 4 .3
Table 19
R e la t i o n  b e tw een  th e  ag e  o f th e  cow 
a s  m easured  In  l a c t a t i o n s  and h e r  
I n i t i a l  and 180 day  m ilk  y ie ld s
(B ased  on 40 cow s, e a c h  o f w hich  h ad  co m p le te  r e c o rd s  
f o r  th e  f i r s t  7 l a c t a t i o n s )
L a c ta t io n
number
I n i t i a l  m ilk  
y i e l d
( l b . )
180 day  m ilk  
y i e ld
( l b . )
1 2 4 3 9 .1 5 7 2 3 .1
2 290 5 .7 664 1 .7
3 3 2 4 8 .2 7 3 1 2 .0
4 3 4 7 4 .7 7784 .5
5 3 6 7 2 .6 8 2 5 0 .1
6 3 5 6 8 .0 773 6 .7
7 3 2 9 0 .1 7245 .8
T able 20
R e la t io n  b e tw ee n  th e  age o f th e  cow as m easu red  
i n  l a c t a t i o n s  and  h e r  I n i t i a l  and 180 day  m ilk
y ie ld s
ff P a i r e d - l a c  t a t  io n 11 m ethod
L a c ta t io n
number
I n i t i a l  m ilk  
y i e ld
( l b . )
180 day m ilk  
y i e l d
( l b . )
1 2424 .7 5 6 1 1 .2
2 3 0 1 2 .5 6587 .4
5 3 1 6 7 .8 6944 .0
4 3 2 0 2 .4 7103 .4
5 3 2 7 2 .8 7241 .3
6 3 1 5 1 .9 6 9 2 7 .2
7 3076 .8 6821 .5
8 29 6 7 .2 654 7 .4
9 28 2 3 .3 6 2 3 8 .1
10 2765 .9 6 1 5 1 .2
These f i g u r e s  a g re e  In  t h e  m ain w i th  th e  f in d in g s  o f 
p re v io u s  a u th o r s  who have u se d  th e  1 p a i r e d - l a c t a t i o n 1* 
method of s tu d y .  The d i f f e r e n c e s  t h a t  e x i s t  a r e  
in  th e  r a t e  o f  in c r e a s e  i n  y i e l d  up t o  m a t u r i t y .
S anders (1928) r e c o rd e d  o n ly  a  sm a ll in c r e a s e  i n  m ilk  
y ie ld  i n  a l l  b re e d s  fro m  th e  f i r s t  t o  th e  second  l a c t ­
a t i o n ,  arid in  P r i e s i a n s  t h e  seco n d  l a c t a t i o n  y i e l d  was 
found t o  b e  even  low er th a n  th e  f i r s t .  Jo h a n sso n  and 
Hansson (1 9 4 0 ) , w o rk in g  w i th  th e  b u t t e r f a t  y i e l d s  o f  
Sw edish Red and  W hite  c a t t l e ,  fo u n d  t h a t  p r o d u c t io n  
d u r in g  t h e  se co n d  l a c t a t i o n  was low er t h a n  i n  t h e  f i r s t  
S ikka  (1940) on th e  o th e r  h a n d , o b ta in e d  r e s u l t s  f o r
49
A y rs h ir e  c a t t l e  w hich  a r e  more i n  l i n e  w i th  th e  p re se n tj
f in d in g s  in  show ing a  c o n s id e r a b le  i n c r e a s e  from  th e  I
!
f i r s t  t o  th e  seco n d  l a c t a t i o n *  The r e p o r t  o f t h e  j
i
E n g l i s h  M ilk  M ark e tin g  Board f o r  th e  y e a r  1947 a l s o  j 
co n firm ed  th e  l a t t e r  r e s u l t s  w i th  11 lum ped” d a ta  f o r  ! 
a l l  b re e d s  •
The v a r i a t i o n  i n  r e s u l t s  r e p o r te d  in  th e s e  
i n v e s t i g a t i o n s  c o u ld  b e  a t t r i b u t e d  c h i e f l y  t o  d i f f e r e n c e s  
i n  th e  m a t e r i a l  s t u d i e d .  The f i g u r e s  and d iag ra m s 
p r e s e n te d  by  S a n d e rs  (1928) and Jo h a n sso n  and H ansson 
(1940) show t h a t  th e  f i r s t  d r y  p e r io d  in  t h e i r  m a t e r i a l  
was a p p r e c ia b ly  s h o r t e r  th a n  su b s e q u e n t o n e s . The 
l a t t e r  a u th o r s  fo u n d  t h a t  th e  d r y  p e r io d  was a c t u a l l y  
26 days s h o r t e r  in  th e  f i r s t  l a c t a t i o n ,  and a rg u e d  
c o r r e c t l y  t h a t  th e  low  second  l a c t a t i o n  y i e l d  c o u ld  b e  
a t t r i b u t e d  t o  t h i s  f a c t .  I n  th e  p r e s e n t  d a ta ,h o w e v e r , 
t h e  m odal c l a s s  o f d i s t r i b u t i o n  o f th e  f i r s t  d ry  p e r io d  
and o f  th e  t h i r d  t o  f i f t h  d ry  p e r io d s  was 60 t o  80 days 
in  b o th  c a s e s  ( F i g s .  4 and 5 ) ,  and  th e  means were a l s o  
n o t v e ry  d i f f e r e n t  fro m  e ac h  o t h e r .  M oreover, th e  f i r s t  
c a lv in g  i n t e r v a l  was a b o u t 30 d ays lo n g e r  th a n  t h a t  o f 
s u b s e a ie n t  l a c t a t i o n s .  I n  c o n t r a s t ,  th e  m a t e r i a l  u se d  
by Jo h an sao n  and H ansson showed n o t  o n ly  a  f i r s t  d r y  
p e r io d  o f  o n ly  47 d a y s  b u t  a l s o  a  f i r s t  c a lv in g  i n t e r v a  
w hich  was o n ly  10 days lo n g e r  th a n  th e  fo l lo w in g  c a lv in jg  
i n t e r v a l s  • I t  i s  p ro b a b le  t h e r e f o r e  t h a t  th e  v a r i a t i o n  
in  th e s e  two f a c t o r s ,  d r y  p e r io d  and  c a lv in g  i n t e r v a l ,  
has c o n t r ib u te d  g r e a t l y  to  t h e  d i f f e r e n c e s  I n  r e s u l t s  
o b ta in e d .  I t  w i l l  a l s o  b e  s e e n  fro m  t h i s  t h a t  I f  low
j y i e l d s  a r e  t o  b e  a v o id e d , a d e q u a te  a t t e n t i o n  m ust b e  
! p a id  by  t h e  d a i r y  fa rm e r t o  th e  p r o v is io n  o f  a  j
j s u f f i c i e n t l y  lo n g  r e s t  p e r io d  f o r  h i s  cows in  o rd e r  
t h a t  t h e y  may b e  i n  good c o n d i t io n  f o r  th e  su b se q u e n t 
l a c t a t i o n .  T h is I s  p a r t i c u l a r l y  a p p l i c a b l e  t o  th e  
e a r l y  l a c t a t i o n s  when th e  cows a r e  f a c e d  w i th  th e  d u a l
I
i
p ro b lem  o f  m ilk  s e c r e t i o n  and b o d i ly  g ro w th  t o  a t t a i n  i 
m a t u r i t y .
In  h i s  s tu d y  o f  th e  v a r i a t i o n  in  m ilk  y i e l d  | 
w i th  a g e ,  S a n d e rs  (1928) s t a t e d  t h a t  ” i t  i s  n o t th e  
inumber o f  l a c t a t i o n s  w h ich  a cow has h a d ,  w hich  d e t e r -
i
j m ines t h i s  v a r i a t i o n ,  b u t  th e  num ber o f  y e a r s  s h e  h a s  
! l i v e d ” . W orking w i th  A y rs h ire  c a t t l e  i n  S c o t la n d ,  Kay 
j and M cC andlish  (1929) and G len  and  M cC andlish  (1930)
|u se d  ag e  i n  l a c t a t i o n s  a s  w e l l  as age in  y e a rs  and m onths 
j f o r  t h e i r  i n v e s t i g a t i o n s .  They fo u n d  t h a t  th e  r e s u l t s  
o b ta in e d  by th e  two m ethods w ere c o m p a rab le , and  co n ­
c lu d ed  t h a t  i t  i s  im m a te r ia l  a s  t o  w h ich  o f them  i s  u s e d .  
S u b s e q u e n t ly ,  h o w ev er, I n v e s t i g a to r s  a b ro a d  (K ruger 
1934, and  Jo h a n sso n  and  H ansson  1940) s t a t e d  t h a t  
”th e  c a p a c i ty  o f p r o d u c t io n  I s  In f lu e n c e d  b o th  by  th e  
number o f  p re v io u s  l a c t a t i o n s  and by th e  num ber o f  y e a r 3 
th e  cow h a s  l i v e d ” . An a tte m p t  was t h e r e f o r e  made t o  
th row  f u r t h e r  l i g h t  on t h i s  p o i n t ,  u s in g  th e  p r e s e n t  d a t a .
The f i r s t  fo u r  l a c t a t i o n  r e c o r d s  o f  316 cows 
from  th e  12 h e rd s  w ere c l a s s i f i e d  i n to  t h r e e  g ro u p s  
a c c o rd in g  t o  th e  age a t  f i r s t  c a lv in g .  The a v e ra g e  180 
day m ilk  y i e l d  i n  e a c h  l a c t a t i o n  was th e n  c a l c u l a t e d  i 
f o r  th e  t h r e e  g r o u p s .  The r e s u l t s  a r e  p r e s e n te d  i n
T a b le  21 to g e th e r  w ith  r e l a t i v e  f i g u r e s  w h ich  w ere  
com puted b y  u s in g  th e  h ig h e s t  y i e ld  in  e ac h  g ro u p  a s  
th e  b a s e .
T ab le  21
R e la t io n  b e tw een  th e  ag e  a t  f i r s t  c a lv in g  
and th e  180 day  m ilk  y i e l d s  d u r in g  th e  f i r s t  
f o u r  l a c t a t i o n s
(B ased on 316 cows w i th  c o m p le te  r e c o rd s  f o r  th e  f i r s t
f o u r  l a c t a t i o n s )
l a c t a t i o n
num ber
Age a t  f i r s t  c a lv in g
31 m onths & 
u n d e r
Average
y i e l d
( l b . )
R e la t
iv e
y ie ld




















5 4 7 9 .1  
6 4 9 0 .4  
7095 .0  





5 7 6 6 .6  
6 8 1 6 .1  
7 2 1 9 .4  
7453 .8
7 7 .4
9 1 .4  
9 6 .9
100.0
6 0 8 7 .1  
6 9 9 4 .0  




1 0 0 .0
9 9 .1
A verage 6 5 4 3 .8 6814 .0 7007 .6
They show t h a t  a f t e r  a  l a t e  f i r s t  c a lv in g ,  t h e  maximum 
p ro d u c t io n  was a t t a i n e d  e a r l i e r ,  a s  m easu red  in  l a c t ­
a t i o n s ,  th a n  a f t e r  an  e a r l y  f i r s t  c a l v in g .  T h is  
in d i c a t e s  t h a t  p ro d u c t io n  i s  in f lu e n c e d  n o t o n ly  b y  age  
in  l a c t a t i o n s  b u t  a l s o  b y  a g e  i n  y e a r s  and months w i th ­
in  l a c t a t i o n s ,  and  i s  in  ag reem en t w i th  th e  f i n d in g s  of 
Jo h a n sso n  and  H ansson  (1 9 4 0 ) . T here  i s ,  how ever, one 
p o in t  w h ic h  may b e  n o te d ,  on w h ich  th e  r e s u l t s  shown 
h e re  f o r  A y r s h ir e  c a t t l e  d i f f e r  f ro m  th o s e  o f  t h e  l a t t e l r  
a u th o r s  f o r  S w ed ish  Red and  W hite c a t t l e .  T h a t i s ,  in
t h e  p r e s e n t  d a t a ,  t h e  y i e l d  of5 l a t e  c a lv e r s  in c re a s e d !  
a lm o s t as muph fro m  th e  f i r s t  t o  t h e  second  l a c t a t i o n  !
as t h a t  o f  e a r l y  c a l v e r s ,  i n d i c a t i n g  t h a t  th e  a g e -  j
c u rv e s  w ere  Mn o rm al"  i n  a l l  th r e e  g ro u p s . |
I
!
I t  w i l l  a l s o  be o b se rv ed  fro m  T a b le  21 t h a t  I
t
th e  l a t e  c a lv e r s  h ad  a c o n s i s t e n t l y  h ig h e r  y i e l d  th a n  j  
t h e  e a r l y  c a l v e r s .  T h is  was e v id e n t  i n  th e  f i r s t
l a c t a t i o n  i t s e l f .  B ut t h e  c o n c lu s io n  i s  open t o  j
I
th e  o b je c t io n  t h a t  th e  m a t e r i a l  i n  th e  l a t e - c a l v i n g  j
groups may h a v e  b e e n  draw n c h i e f ly  fro m  t h e  h i g h e s t -  j
|
p ro d u c in g  h e rd s  • |
I n  o rd e r  t o  e l im in a te  t h i s  p o s s i b i l i t y ,  !
i t  was d e c id e d  t o  s t u d y  a f r e s h  th e  r e l a t i o n  b e tw een  j
age a t  f i r s t  c a lv in g  an d  t h e  f i r s t  l a c t a t i o n  y i e l d  |
by  c a l c u l a t i n g  th e  a v e ra g e s  f o r  e ach  a g e -g ro u p  i n  |
e ac h  h e r d ,  and th e n  f i n d in g  th e  u n w e ig h te d  means o f 
th e s e  12 s e r i e s  o f a v e ra g e s  • I t  i s  e v id e n t  t h a t  
by  t h i s  m ethod th e  p o s s i b i l i t y  o f  h ig h -p ro d u c in g  \
h e rd s  in f lu e n c in g  th e  g ro u p s  d i s p r o p o r t i o n a t e l y  i s  j
o b v ia te d .  The r e s u l t s  o f  t h i s  s tu d y ,  u s in g  th e  |
i n i t i a l  an d  180 day  y ie ld s  o f 1181 f i r s t  l a c t a t i o n  j
cows, a r e  shown i n  T ab le  22. The f i g u r e s  p ro v e  q u i te  i
c l e a r l y  t h a t  t h e r e  was a  p r o g r e s s iv e  in c r e a s e  i n  j
i
p ro d u c t io n  fro m  e a r l y  t o  l a t e  c a l v i n g .  T h is  c o u ld
I
p ro b a b ly  be a t t r i b u t e d  t o  t h e  f a c t  t h a t  th e  l a t e - c a l v e r  
w ere i n  a  b e t t e r  c o n d i t io n  o f  f l e s h  and  had  a  g r e a t e r  
l iv e w e ig h t  a t  t h e  tim e  of c a lv in g  t h a n  th e  e a r l y - c a l v e r
N e v e r th e le s s ,  I t  sh o u ld  n o t be c o n c lu d ed  fro m  t h i s  th a ti 
a  l a t e  a g e  a t  f i r s t  c a lv in g  i s  to  be recommended a s  good 
h e rd  p r a c t i c e .  I h a t  i s  s u g g e s te d  i s  t h a t  w h erev e r e a r l y  
c a lv in g  i s  p r a c t i s e d ,  s u f f i c i e n t  a t t e n t i o n  m ust be paic . 
t o  im prove th e  b re e d in g  c o n d i t io n  of th e  h e i f e r .  I t  
may a l s o  be n o ted  t h a t  from  a n  econom ic p o in t  of v ie w , 
e a r l y  c a lv in g  i s  t o  be  p r e f e r r e d  t o  l a t e  c a lv in g ,  
b e c a u se  i n  th e  l a t t e r  c a se  t h e r e  i s  an  in c r e a s e d  c o s t  
o f m a in te n a n c e  due t o  a  le n g th e n in g  o f th e  u n p ro d u c tiv e  
p e r io d  o f th e  cow ’ s l i f e .
T a b le  22
R e la t io n  be tv /een  th e  a g e  a t  f i r s t  c a lv in g  and  
th e  i n i t i a l  and  180 d ay  m ilk  y i e ld s  i n  th e
f i r s t  l a c t a t i o n
(Based on th e  u n w e ig h ted  means o f 12 s e r i e s  o f a v e ra g e s
from  t h e  12 h e r d s )
Ag© a t  f i r s t  
c a lv in g
Number 
o f  cows
I n i t i a l  m ilk  
y i e l d
( l b . )
180 d a y  m ilk  
y ie ld
( l b . )
31 m onths and 
u n d e r 433 2400 .6 5499 .4
32 t o  35 months 520 2463 .9 5687 .8
36 months and 
o v er 228 258 2 .6 5 8 9 1 .1
I t  was show n i n  one o f th e  p re c e d in g  s e c t io n s  
t h a t  t h e r e  was a  p ronounced  c o r r e l a t i o n  w i th in  l a c t ­
a t i o n s  b e tw ee n  ag e  and  th e  l e n g th  o f th e  p re c e d in g  
c a lv in g  i n t e r n a l .  I t  was a l s o  p o in te d  o u t t h a t  i f  th e  
t r u e  r e l a t i o n s h i p  b e tw een  ag e  a n d  m ilk  y i e l d  i s  t o  b e
d e te rm in e d  a c c u r a t e l y ,  due a llo w a n c e  m ust be  made f o r  
t h i s  c o r r e l a t i o n .  The n e x t p ro b lem  t h e r e f o r e  was th e
s tu d y  o f t h e  i n t e r - r e l a t i o n s h i p s  w i th in  l a c t a t i o n s  o f  1 
a g e ,  le n g th  o f  p re c e d in g  c a lv in g  i n t e r v a l  and  m ilk  y i e l d .
The h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  t h a t
i
e x i s te d  b e tw een  l e v e l s  o f p ro d u c t io n  i n  th e  12 h e r d s ,  
and th e  c o n s id e r a b le  v a r i a t i o n  among th e s e  h e rd s  i n  
r e g a rd  t o  ag e  a t  c a lv in g  w i t h in  l a c t a t i o n s ,  showed th a t | 
th e  d i f f e r e n t  h e rd s  canno t be  "lum ped" to g e th e r  i n  j 
s tu d y in g  th e s e  i n t e r - r e l a t i o n s h i p s .  F o r  ex am p le , i f  a j
l a t e r  ag e  a t  c a lv in g  was a d o p te d  in  t h e  lo w - y ie ld in g  j
!
h e rd s  th a n  i n  h i g h - y ie ld i n g  o n e s , th e n  w i th  " lum ped” 
d a ta  t h e r e  w ould  be a  te n d e n c y  f o r  in c r e a s e  i n  age t o  
be a s s o c i a t e d  w i th  a  d e c re a s e  in  y i e l d ,  an d  v ic e  v e r s a .
I t  was t h e r e f o r e  d e c id e d  to  overcom e t h i s  d i f f i c u l t y  oij 
d i f f e r e n c e s  in  h e rd  means and  c a lv in g  p r a c t i c e s  by 
e x p re s s in g  th e  y i e l d s  o f  th e  in d iv id u a l  cows as  d e v i ­
a t i o n s  fro m  th e  r e s p e c t iv e  h e rd  a v e r a g e s .  The y ie ld s  
th e m se lv e s  had  p r e v io u s ly  been  c o r r e c te d  f o r  m onth o f 
c a lv in g  w i t h in  h e rd s  b y  u s in g  th e  c o e f f i c i e n t s  c a l c u l ­
a te d  in  th e  p re c e d in g  s e c t i o n .  T h is  m ethod o f  e x p r e s s ­
in g  th e  y i e l d s  a s  d e v ia t io n s  fro m  th e  a v e ra g e  of th e  
h e rd  t o  w h ich  th e y  b e lo n g , i s  a  m o d if ic a t io n  o f  th e  
o r i g i n a l  " b y re  a v e ra g e ” m ethod u se d  by  von Patow  (1930)
I t  s h o u ld , h o w ev er, be  p o in te d  o u t t h a t  v o n  Patow 1 s 
method has b een  s e v e r e ly  c r i t i c i s e d  by  s e v e r a l  a u th o r s  
in c lu d in g  Lush (1936) who s a i d ,  " I t  seem s u n l ik e ly  th a t  
th e  von Patow  m ethod can e v e r  le a d  t o  a  M endelian  
a n a ly s i s  w h ich  c o rre sp o n d s  a t  a l l  to  r e a l i t y . ” B ut no 
o b je c t io n  can  be r a i s e d  a g a in s t  th e  m ethod a d o p te d  h e r^  
when th e  r e c o rd s  a r e  u sed  f o r  t h e  p r e s e n t  p u rp o s e .
Table 23
C o v a r ia t io n  o f  ag e  a t  c a l v in g ,  l e n g th  o f  p r e c e d in g  
c a lv in g  i n t e r v a l  ( p . c . i . ) ,  an d  180 d a y  m ilk  y i e l d
(Ag© was m easu red  i n  m o n th s , p . c . i .  in  d a y s  and  y i e l d  i n  l b . )
l a c t ­ C o r r e l a t i o n  c o e f f i c i e n t s  * R e g re s s io n  c o e f f i c i e n t s
a t io n
N o. T o ta l  c o r r e l a t i o n P a r t i a lc o r r e l a t i o n
T o ta l  r e g r e s s io n P a r t i a l
r e g r e s s io n
A ge-
p .c  . i
r12
Age- 
. y i e ld
r 13
p . c . i . -
y i e l d
r 23
■ A ge- 
y i e l d
r 13.2
p .c .i. -
y ie ld
r 23.1
p .c  . i . -  
age
Y ie ld -
ag e
Y ie ld -  
p .c  . i .
Y ie ld - 
age
Yield-
p .c .i .
1 - 0.122 - - - - 2 9 .1 5 0 - - -
2 0 .4 1 6 0 .1 6 7 0 .1 6 5 0.110 0 .1 0 7 0 .195 41 .6 3 8 2 .9 1 7 2 9 .5 9 0 2.039
3 0 .3 5 6 0 .1 3 8 0 .1 2 8 0.100 0 .0 8 5 0 .1 4 1 33 .639 2 .625 2 5 .8 0 3 1.851
4 0 .2 9 2 0 .1 4 6 0 .1 3 8 0.112 0.101 0 .1 0 7 3 5 .0 1 5 3 .0 0 5 2 7 .6 5 0 2.276
5 0 .3 6 0 0 .0 8 1 0 .1 6 1 0.002 0 .1 4 2 0 .1 3 6 19 .640 3 .4 3 2 6 .3 7 1 3.224
*  The s ta n d a r d  e r r o r  o f  th e  c o r r e l a t i o n  c o e f f i c i e n t s  was 
0 .0 2 7  -  0 .0 5 2 .
The number o f  cows a n d ^ th e  a v e ra g e s  and  s ta n d a r d  
d e v ia t i o n  f o r  y i e l d ,  age  a t  c a lv in g  an d  l e n g th  
o f  p . c . i .  w ere  g iv e n  in  T ab le  5 .
The i n t e n s i t y  o f th e  i n t e r - r e i a t i o n s h i p s
w i th in  l a c t a t i o n s  o f  a g e ,  le n g th  o f  p re c e d in g  c a lv in g
i n t e r v a l  and  m ilk  y i e ld  was s tu d ie d  w ith  th e s e  d a ta  by
means o f  c o r r e l a t i o n  and  r e g r e s s io n  c o e f f i c i e n t s  f o r
th e  f i r s t  t o  f i f t h  l a c t a t i o n s .  The l i n e a r i t y  o f th e
r e g r e s s io n s  was t e s t e d  in  e a c h  c a s e ,  and  i t  was found
t h a t  s t r a i g h t  l i n e s  f i t t e d  t h e  d a ta  f a i r l y  w e l l .  The
r e s u l t s  a r e  p r e s e n te d  i n  T a b le  23 . The f i r s t  l a c t a t i o n
h ad  no c a lv in g  i n t e r v a l  p re c e d in g  i t ,  and  in  t h a t
l a c t a t i o n  th e  t o t a l  r e g r e s s io n  o f  y ie ld  an age  was
t h e r e f o r e  th e  b e s t  m easure o f  th e  r e l a t i o n s h i p  b e tw ee n
th e s e  tw o v a r i a b l e s .  When th e  age a t  f i r s t  c a lv in g
in c r e a s e d  by  one m o n th , t h e r e  was a c o r re s p o n d in g
in c r e a s e  o f 2 9 .1 5  l b .  i n  t h e  180 day y i e l d  of th e  f i r s t
l a c t a t i o n .  F o r  t h e  se c o n d  and su b se q u e n t l a c t a t i o n s ,
th e  p a r t i a l  c o r r e l a t i o n s  a n d  r e g r e s s io n s  o f  y i e l d  on
age  w i th  p re c e d in g  c a lv in g  i n t e r v a l  h e ld  c o n s t a n t ,  and
o f y i e l d  on p re c e d in g  c a lv in g  i n t e r v a l  w ith  age h e ld
c o n s t a n t ,  w ere  a l s o  c a l c u l a t e d .  The t o t a l  c o r r e l a t i o n
b e tw een  a g e  and y i e l d  in  th e  seco n d  l a c t a t i o n  was 0 .1 6 ^ ,
b u t when t h e  l e n g th  o f  th e  p re c e d in g  c a lv in g  i n t e r v a l
was h e ld  c o n s t a n t ,  i t  d e c re a s e d  t o  0 .1 1 0 .  S i m i l a r ly ,
* *
th e  t o t a l  c o r r e l a t i o n  be tw een  p r e c e d in g  c a lv in g  in te r v a j l
and  y i e l d  was 0 .1 6 5 , b u t w ith  age  a t  c a lv in g  h e ld
c o n s t a n t ,  th e  c o r r e l a t i o n  was 0 .1 0 7 . F o r  t h e  t h i r d
and f o u r t h  l a c t a t i o n s  th e  v a lu e  o f th e  c o r r e l a t i o n  and
r e g r e s s io n  c o e f f i c i e n t s  f o r  age  and y i e l d  w ere a lm o s t
o f th e  Aarne o rd e r  a s  th o s e  o f t h e  seco n d  l a c t a t i o n ,
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l a c t a t i o n  was r e a c h e d ,  y i e l d  was fo u n d  to  b e  p r a c t i c ­
a l l y  in d e p e n d e n t o f  age  a t  c a l v in g .
P i g .  10 shows g r a p h i c a l l y  th e  r e g r e s s io n  o f 
m ilk  y i e l d  on a g e  f o r  th e  f i r s t  to  f i f t h  l a c t a t i o n s .  
The t o t a l  and n e t  r e g r e s s io n  l i n e s  h ave  b e en  draw n f o r  
th e  se c o n d  t o  f i f t h  l a c t a t i o n s ,  b u t ,  f o r  th e  f i r s t  
l a c t a t i o n  o n ly  one l in e  i s  p r e s e n te d  a s  t h i s  l a c t a t i o n  
h a s  no c a lv in g  i n t e r v a l  p re c e d in g  i t .  The f i g u r e  
shows q u i te  c l e a r l y  t h a t  th e  y i e ld  d u r in g  th e  f i r s t ,  
se c o n d , t h i r d  and  f o u r t h  l a c t a t i o n s  in c r e a s e d  m ark ed ly  
w ith  in c r e a s in g  age a t  c a lv in g  even  when th e  l e n g th  
o f th e  p re c e d in g  c a lv in g  i n t e r v a l  was h e ld  c o n s t a n t ,  
b u t th e  y i e l d  d u r in g  th e  f i f t h  l a c t a t i o n  was p r a c t i c a l l  
in d e p e n d e n t o f a g e •
T hese r e s u l t s  a g re e  i n  p r i n c i p l e  w i th  th e  
f in d in g s  o f K ru g e r (1934) and  Jo h a n sso n  and H ansson  
(1940) t h a t  th e  m ilk  y i e l d  o f a  cow i s  in f lu e n c e d  b o th  
by th e  num ber o f p re v io u s  l a c t a t i o n s  sh e  h a s  h a d , and 
a l s o  b y  h e r  a g e  a t  c a l v in g .  I n  th e  l i g h t  o f t h i s ,  th e  
a t te m p ts  o f  o th e r  i n v e s t i g a t o r s  l i k e  S a n d e rs  (1 9 2 8 ) ,
Kay and  M cC andlish  (1 9 2 9 ) , G len  a n d  M cC andlish  (1930) 
and S ik k a  (1940) t o  e x p re s s  y i e l d  a s  a  f u n c t io n  o f 
e i t h e r  age  in  l a c t a t i o n s  o r  a g e  i n  y e a r s  and  m onths 
haiB n o t b e e n  q u i t e  a c c u r a t e .
C o r re c t io n  of m ilk  y i e ld s  f o r  age
The s t a n d a r d i s a t i o n  o f  m ilk  r e c o r d s  f o r  age  
has b e en  a t te m p te d  by  s e v e r a l  a u th o r s ,  and t h e r e  i s  
g r e a t  d i v e r s i t y  in  th e  m ethods em ployed . T h ree  m ain
ty p e s  o f c o r r e c t i o n s  may how ever be  d i s t i n g u i s h e d :
(a )  p e rc e n ta g e  c o r r e c t i o n s ,  (b ) r e g r e s s io n  c o r r e c t i o n s  
and ( c )  a d d i t i o n  c o r r e c t io n s *  The f i r s t  o f th e s e  i s  
| c a l c u l a t e d  a s  a  r a t i o  (on  a p e rc e n ta g e  b a s i s )  o f  th e
i
lv a lu e  o f  th e  s ta n d a r d  ag e  t o  t h a t  o f th e  g iv e n  a g e .
I mI T h u s, i n  o rd e r  t o  e x p re s s  th e  f i r s t  l a c t a t i o n  r e c o r d  of 
| a  cow on a m atu re  e q u iv a le n t  b a s i s ,  i t  I s  m u l t i p l i e d  by  
j th e  r a t i o  o f  th e  a v e ra g e  m a tu re  y i e l d  t o  t h e  a v e ra g e  
f i r s t  l a c t a t i o n  y i e l d  o f th e  e n t i r e  p o p u la t i o n .  T h is  
m ethod o b v io u s ly  p o s t u l a t e s  t h a t  th e  in c r e a s e  i n  y i e ld  
w i th  in c r e a s e  i n  age  i s  p r o p o r t i o n a l  t o  th e  l e v e l  o f  
y i e ld  o f  th e  cow; in  o th e r  w o rd s , th e  m ilk  y i e l d  o f a  
h ig h - y ie ld in g  cow shows a  g r e a t e r  a b s o lu te  change th a n  
t h a t  o f a  poor y i e l d e r .  T h is  m ethod h a s ,  ho w ev er, b e e n  
q u e s t io n e d  by  s e v e r a l  w o rk e r s .  T u f f  (1 9 3 1 ) , f o r  ex am p le , 
s t a t e d  t h a t  wth e  in c r e a s e  i n  y i e l d  from  young to  f u l l -  
; grown ag e  o f  a n  i n d i v i d u a l  cow can n e i t h e r  be  sum m arised 
by  a  c o n s ta n t  a d d i t i o n  n o r  by  a  p e r c e n ta g e  a d d i t i o n  
a lo n e . n He s u g g e s te d  i n s t e a d  t h a t  t h e  r e g r e s s i o n  
e q u a t io n s  e x p re s s in g  th e  r e l a t i o n  b e tw een  m ilk  y i e l d  a t  
th e  g iv e n  age and a t  m a tu r i t y ,  sh o u ld  b e  u se d  f a r  th e  
c o r r e c t i o n  o f th e  a c t u a l  y i e l d  i n  th e  f i r s t  # o u r  
l a c t a t i o n s .  T h is  s t a n d p o in t  was a l s o  a d o p te d  by  Ward 
and C am pbell (1 9 3 8 ) who a d d u ced  e v id e n c e  n t o  p o in t  q u i t e  
d e f i n i t e l y  t o  th e  r e l a t i o n s h i p  b e tw e e n  im m ature  and 
m ature  p r o d u c t io n  b e in g  o f  th e  n a tu r e  o f  a  r e g r e s s i o n . "  
But s u b s e q u e n t ly ,  s e v e r a l  i n v e s t i g a t o r s  (Jo h a n sso n  and 
H ansson 1940, S ik k a  1940, an d  o th e r s )  have  p o in te d  o u t 
th e  w eakness i n  u s in g  r e g r e s s io n  e q u a t io n s  a s  a  m ethod |
o f s t a n d a r d i s i n g  re c o rd s  fo r  a g e ,  an d  s in c e  th e n  th e  
m ethod h a s  b e e n  d ro p p e d . I t  was shown t h a t  t h e  
r e g r e s s io n  e q u a t io n s  in c lu d e d  n o t  o n ly  th e  e f f e c t  o f
| age b u t  a l s o  th e  e f f e c t  o f  any  f l u c t u a t i n g  o r  perm enen t
|
| e n v iro n m e n ta l  f a c t o r s ,  su c h  a s  changes i n  f e e d in g  an d  
m anagem ent, w h ich  te n d  to  in c r e a s e  o r d e c re a s e  th e  
| l a c t a t i o n  y i e l d  o f  a  2 o r  3 y e a r  o ld  cow in  co m p ariso n  
| w i th  h e r  y i e l d  a t  m a t u r i t y .
| The t h i r d  m ethod  o f s t a n d a r d i s a t i o n  f o r  age
! t h a t  h a s  been  en p lo y ed  i s  th e  a d d i t i o n  c o r r e c t io n s  
recommended b y  Jo h a n sso n  and E ansson  (1 9 4 0 ) . They 
a rg u e d  t h a t  ccws w h ich  s t a r t  w i th  a  low f i r s t  r e c o r d  
show a  p r o p o r t io n a te ly  g r e a t e r  i n c r e a s e  i n  y i e l d  w ith  
| age  th a n  cows w i th  a  h ig h  f i r s t  r e c o r d ,  and  th e r e f o r e
| I
p e rc e n ta g e  c o r r e c t i o n s  b a se d  on t h e  e n t i r e  p o p u la t io n  
w ould t e n d  t o  u n d e r c o r r e c t  th e  f i r s t  ty p e  o f  r e c o r d  and  
o v er c o r r e c t  th e  s e c o n d . T h is  h a s  b e e n  v e r i f i e d  w i th  
th e  p r e s e n t  m a t e r i a l ,  and  th e  r e s u l t s  shown i n  T ab le  241 
a g re e  w i th  th e  f in d in g s  o f th e s e  a u t h o r s .  B u t ,  when 
th e  same cows w ere  c l a s s i f i e d  i n to  g ro u p s  on th e  b a s i s  
of t h e i r  a v e ra g e  y i e l d  d u r in g  th e  f i r s t  f o u r  l a c ta t io n s ! ,  
(T ab le  2 5 ) ,  i t  was o b se rv e d  t h a t  cows w i th  a  h ig h  i 
a v e ra g e  l e v e l  o f p ro d u c t io n  in c r e a s e d  i n  y i e l d ,  from  
one l a c t a t i o n  t o  a n o th e r ,  p r o p o r t i o n a t e l y  a s  much a s  
th e  l o w - y i e l d e r s . T h is  p o in t  was a l s o  n o te d  b y  th e  
Sw edish  w o rk e r s .  N e v e r th e le s s ,  th e y  a rg u ed  t h a t  
a lth o u g h  th e  a d d i t i o n  c o r r e c t i o n  d o e s  n o t g iv e  good 
r e s u l t s  w i th  c o n s i s t e n t l y  h ig h  a n d  c o n s i s t e n t l y  low 
y i e l d e r s ,  y e t ,  f o r  cows w h ic h  s t a r t  w i th  a n  e x tre m e ly
low o r  e x tre m e ly  h ig h  y i e l d  th e  a d d i t i o n  c o r r e c t i o n  
w orks b e t t e r  th a n  a  p e rc e n ta g e  c o r r e c t i o n .  They th e n  
c o n c lu d e d  t h a t  s in c e  ex trem e  v a r i a t i o n s  in  t h e  f i r s t  
and  su b s e q u e n t l a c t a t i o n  y i e l d s  a r e  c a u se d  m a in ly  by 
e n v iro n m e n t, i t  i s  b e t t e r  fro m  a  g e n e t i c a l  p o i n t  o f 
view  t o  u se  a d d i t i o n  c o r r e c t io n s  r a t h e r  th a n  p e rc e n ta g e  
c o r r e c t i o n s •
T a b le  24
180 day  m ilk  y i e l d  i n  th e  f i r s t  f o u r  l a c t ­
a t i o n s  o f  518 cows c l a s s i f i e d  on th e  b a s i s  
o f  t h e i r  f i r s t  l a c t a t i o n  p ro d u c t io n
180 day  y i e l d  d u r in g  th e  f i r s t  l a c t a t i o n  ( l b . )
L a c t­
a t i o n
No.
U nder 5000 5000-7000 Over 7000
A c tu a l R e la ­ A c tu a l R e la ­ A c tu a l R e la ­
y i e l d t i v e y i e l d t i v e y i e l d t i v e
( l b . ) y i e l d ( l b . ) y i e l d ( l b . ) y i e l d
1 4 5 5 6 .1 6 8 .5 5 8 2 4 .1 7 8 .4 7 8 1 2 .8 9 1 .0
» 5 9 5 5 .6 8 9 .6 6 8 4 3 .1 9 2 .1 8 0 2 8 .8 9 3 .5
3 65 0 3 .6 97 .8 7 2 8 8 .7 9 8 .1 8 5 8 6 .7 100.0







180 day  m ilk  y i e l d  I n  t h e  f i r s t  f o u r  l a c t ­
a t i o n s  o f  318 cows c l a s s i f i e d  on th e  b a s i s  
o f  t h e i r  a v e ra g e  p r o d u c t io n  d u r in g  th e  f i r s t  
f o u r  l a c t a t i o n s
L a c t­
A verage  180 d ay  y i e l d  d u r in g  th e  f i r s t  
fo u r  l a c t a t i o n s  ( l b . 7
a t i o n U nder 7000 7000 an d  o v e rNo.
A c tu a l R e la t iv e A c tu a l R e la t iv e
y i e l d y i e l d y i e l d y i e l d
( l b . ) ( l b . )
1 5 2 0 9 .5 7 7 .6 6 6 2 6 .1 7 8 .5
2 6 1 4 0 .7 9 1 .5 7 8 1 4 .4 9 2 .6
3 6 5 8 5 .3 9 8 .1 8 3 6 8 .2 9 9 .1
4 6 7 1 1 .8 100.0 84 4 1 .8 100.0
No.
o f 202 116
cows
I  A f u r t h e r  e x a m in a tio n  o f  th e  p r e s e n t  d a ta  was
t h e r e f o r e  u n d e r ta k e n  w i th  a  v iew  to  t e s t i n g  th e  v a l i d i t y  
o f th e s e  c o n c lu s io n s .  I t  i s  n o  doub t t r u e  t h a t  no 
c o r r e c t io n s  can  e v e r  b e  fo u n d  w h ich  w ould  s u i t  e v e ry  
i n d iv id u a l  cow i n  a  p o p u la t io n  e q u a l ly  w e l l .  W herever 
c o r r e c t io n s  a r e  c a l c u l a t e d  f o r  s t u d i e s  i n  h e rd  a n a l y s i s ,  
th e y  a r e  b a se d  on a v e ra g e  r e s u l t s ,  and t h e r e f o r e  g r e a t  
a c c u ra c y  c a n n o t be  a t t a i n e d  in  th e  s t a n d a r d i s a t i o n  o f 
in d iv id u a l  r e c o r d s .  B ut i t  i s  e s s e n t i a l  t h a t  i f  t h e  
c o r r e c t io n  em ployed i s  t o  be v a l i d  and u s e f u l ,  i t  
sh o u ld  be  one w h ich  i s  a p p l i c a b l e  t o  t h e  p o p u la t io n  a s  
a w h o le , in d e p e n d e n t o f  th e  v a r y in g  l e v e l  o f p r o d u c t io n  
o f th e  i n d iv i d u a l  cows -  one w h ic h  i s  i n  f a c t  n o t  
c o r r e l a t e d  w i th  i t .  Prom th e  a v a i l a b l e  d a t a ,  527 cows
| w hose f i r s t  t h r e e  180 day  r e c o rd s  c o u ld  be o b ta in e d ,
! w ere t h e r e f o r e  u se d  f o r  th e  p u rp o se  o f d e te rm in in g
I
| w h e th e r  p e rc e n ta g e  c o r r e c t i o n s  o r a d d i t i o n  c o r r e c t i o n s  
! s a t i s f y  th e s e  r e q u i r e m e n ts .  The r a t i o  o f  th e  t h i r d  
to  th e  f i r s t  l a c t a t i o n  y i e l d ,  and  th e  d i f f e r e n c e ,  -  
t h i r d  l a c t a t i o n  y i e l d  m inus f i r s t  l a c t a t i o n  y i e l d ,  -  
w ere c a l c u l a t e d  f o r  e ac h  o f  th e s e  cows. T hese  r a t i o s
| and  d i f f e r e n c e s  w ere th e n  c o r r e l a t e d  w ith  t h e
|
| c o r re s p o n d in g  seco n d  l a c t a t i o n  y i e l d s  o f  t h e  r e s p e c t iv e  
! cow s. The r e s u l t s  a r e  p r e s e n te d  i n  T a b le s  26 and  2 7 .
! The c o r r e l a t i o n  b e tw een  th e  d i f f e r e n c e  and  th e  seco n d  
j l a c t a t i o n  y i e l d  was + 0 .1 5 5  + 0 .0 4 3 , w h ile  th e  c o r r e l -  
| a t i o n  b e tw ee n  th e  r a t i o  and th e  seco n d  l a c t a t i o n  y i e ld  
| was + 0 .010  + 0 .0 4 4 . T h is  shows t h a t  th e  r a t i o  o f one 
| l a c t a t i o n  y i e l d  to  a n o th e r  was in d e p e n d e n t o f  th e  
I l e v e l  o f  p ro d u c t io n  o f  th e  cow, b u t  th e  d i f f e r e n c e  
b e tw een  th em  was d e p e n d e n t on i t .  T h e r e f o r e ,  i t  i s  
| e v id e n t  t h a t  c o r r e c t i o n s  f o r  ag e  sh o u ld  be p r o p o r t io n ­
a t e ,  and  n o t a d d i t i v e  a s  assum ed  b y  Jo h a n sso n  a n d  
H ansson (1 9 4 0 ) .
T a b le  26
C o r r e l a t i o n  b e tw e e n  th e  t h i r d  l a c t a t i o n  minus 
f i r s t  l a c t a t i o n  y i e l d  a n d  t h e  y i e l d  i n  th e  seco n d  
l a c t a t i o n  o f  527 cow s, (180 d ay  y i e l d s )
A verage t h i r d  l a c t a t i o n  m inus f i r s t
l a c t a t i o n  y i e l d  -  1378 .09  l b .
A verage seco n d  l a c t a t i o n  y i e l d  ■ 6 7 2 2 .4  l b .
C o r r e la t io n  c o e f f i c i e n t ,  r  = + 0 .1 5 5  + 0 .0 4 3
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Table 27
C o r r e la t io n  b e tw een  th e  r a t i o  o f  th e  t h i r d  t o  th e  
f i r s t  l a c t a t i o n  y i e ld  and  th e  y ie ld  I n  th e  se c o n d  
l a c t a t i o n  o f  527 cows (180 day  y i e l d s )
A verage  r a t i o  o f  t h e  t h i r d  l a c t a t i o n  
y i e l d  t o  th e  f i r s t  l a c t a t i o n  y i e l d  * 1 .257
A verage seco n d  l a c t a t i o n  y i e l d  * 6 7 2 2 .4  l b .
C o r r e l a t i o n  c o e f f i c i e n t ,  r  * +0.010 + 0 .0 4 4
| The c o r r e c t i o n  f a c t o r s  f o r  a g e  u sed  In  th e
I p r e s e n t  i n v e s t i g a t i o n  a r e  shown In  A ppendix  T ab le  4 .
| They w ere  b a se d  on y i e l d s  w h ic h  h a d  p r e v io u s ly  b een  
: c o r r e c t e d  f o r  m onth of c a lv in g .  The a v e ra g e  f i f t h  
; l a c t a t i o n  y i e l d  was u sed  a s  th e  s ta n d a r d  f o r  th e  age  
c o r r e c t i o n s ,  and th e  y i e l d s  d u r in g  th e  f i r s t  to  f o u r th  
l a c t a t i o n s  w ere  c o r r e c t e d  on t h i s  b a s i s .  W ith in  
l a c t a t i o n s ,  th e  c o r r e c t i o n  f a c t o r s  w ere  c a l c u l a t e d  
from  th e  n e t  r e g r e s s io n s  o f y i e l d  on a g e  w i th  t h e  p r e - : 
c e d in g  c a lv in g  I n t e r v a l  h e ld  c o n s t a n t ,  ( c f . T ab le  23
and F i g .  1 0 ) .  The c o r r e c t io n  o f  r e c o rd s  l a t e r  t h a n  th e
:
f i f t h  l a c t a t i o n  was n o t  a t t e m p te d ,  b e c a u se  th e  p a u c i ty  
o f cows i n  t h e s e  g ro u p s  w ould malce th e  c o r r e c t io n s  
l i a b l e  t o  a  h ig h  d e g re e  o f  ch an ce  v a r i a t i o n .  M oreover* 
fro m  a  p r a c t i c a l  p o i n t  of v iew , i t  i s  b e t t e r  to  c o n f in e  
one»s a t t e n t i o n  t o  t h e  p e r io d  b e f o r e  th e  cows a t t a i n  
m a tu r i ty ,  b e c a u se  t h e  e v a lu a t io n  o f th e  cows f o r  
p u rp o se s  o f  s e l e c t i o n  o c c u rs  d u r in g  th e  e a r l y  l a c t ­
a t i o n s .
6
lZ
(  S N O IJL V IA 3 0  8 " l )  D 1 9 U
6 . I n f lu e n c e  o f  p re c e d in g  c a lv in g  I n t e r v a l
on m ilk  y i e l d
I A dequate  a t t e n t i o n  h as n o t  heen  p a id  by  m ost i n v e s t -
j
1 i g a t o r s  t o  th e  v a r i a t i o n  of m ilk  y i e l d  w i th  le n g th  o f 
| p r e c e d in g  c a lv in g  i n t e r v a l .  Among t h e  few  a u th o r s  who 
| h ave  g iv e n  a n y  c o n s id e r a t io n  to  t h i s  a s p e c t  o f  s t u d i e s ,  
i n  h e rd  a n a l y s i s  sh o u ld  b e  m en tio n ed  th e  names o f  
M atson (1 9 2 9 ) , G aines and  P a l f r e y  (1 9 3 1 ) , K ruger (1934) 
and  Jo h a n sso n  and  H ansson (1 9 4 0 ) . Most o f  th e  o th e r  
i n v e s t i g a t o r s  h av e  c o n fin e d  t h e i r  a t t e n t i o n  to  th e  
v a r i a t i o n  o f  m ilk  y i e l d  w ith  p re c e d in g  d ry  p e r io d  
| (w h ich  i s  a  p a r t  o f  th e  p re c e d in g  c a lv in g  i n t e r v a l ) .
| No a t te m p t  h a s ,  h o w ev er, b e e n  made i n  th e  p a s t  to  s tu d y
I
! th e  in f lu e n c e  o f  e i t h e r  p re c e d in g  c a lv in g  i n t e r v a l  o r  
i  p re c e d in g  d ry  p e r io d  on t h e  m ilk  y i e l d  o f  A y rs h ire  
| c a t t l e  in  t h i s  c o u n tr y .
T a b le  23 shows th e  r e s u l t s  o f  th e  a n a ly s e s  o f  ; 
v a r i a t i o n  o f  m ilk  y i e l d  w ith  p re c e d in g  c a lv in g  i n t e r v a l  
i n  th e  p r e s e n t  m a t e r i a l .  I t  w i l l  be  o b se rv ed  t h a t  a n  
in c r e a s e  in  l e n g th  o f  th e  p re c e d in g  c a lv in g  i n t e r v a l  by  
10 days was fo llo w e d  b y  an  in c r e a s e  o f  26 to  34 l b .  i n i  
th e  180 d a y  m ilk  y i e l d ,  b u t  when th e  ag e  a t  c a lv in g  
was k e p t  c o n s t a n t ,  th e  n e t  i n c r e a s e  was 19 t o  32 l b .  
T hese r e s u l t s  a r e  p r e s e n te d  g r a p h i c a l l y  i n  P ig .  1 1 .
F or th e  s e c o n d , t h i r d  and f o u r t h  l a c t a t i o n s ,  th e  t o t a l  
r e g r e s s io n  l i n e s  a s  w e l l  a s  t h e  n e t  r e g r e s s io n  l i n e s  
w ith  age  a t  c a lv in g  k e p t  c o n s t a n t ,  a r e  d raw n . F o r th e  
f i f t h  l a c t a t i o n ,  th e  two l i n e s  a lm o s t  c o in c id e d  w i th  j 
one a n o th e r ,  and t h e r e f o r e  o n ly  one i s  p r e s e n te d .
i t  w ould  a p p e a r  f ro m  T ab le  23 and  F ig .  11 t h a t  j
I a n  in c r e a s e  i n  l e n g th  o f th e  p re c e d in g  c a lv in g  i n t e r v a l
I
! c o n t r ib u te d  v e ry  m a t e r i a l l y  t o  an  in c r e a s e d  y i e l d  i n  
th e  c u r r e n t  l a c t a t i o n .  From a n  econom ic p o i n t  o f  v ie w , 
h o w ev er, t h e r e  i s  a  l i m i t  t o  w h ic h  th e  l e n g th  of th e  
p re c e d in g  c a lv in g  i n t e r v a l  o f  a  cow c o u ld  be p r o f i t a b l y  
in c r e a s e d .  S in c e  th e  v a r i a t i o n s  i n  l e n g th  o f c a lv in g  
i n t e r v a l  a r e  a lm o s t  w h o lly  e n v iro n m e n ta l  ( th e  i n t r a ­
cow c o r r e l a t i o n  w i t h in  h e rd s  was shown t o  b e  o n ly  
- 0 .0 2 4 ) ,  i t  s h o u ld  be p o s s ib le  t o  d e te rm in e  th e  o p tin u m  
l e n g th  o f  c a lv in g  i n t e r v a l  f o r  th e  econom ic p r o d u c t io n  
o f m ilk  d u r in g  th e  l i f e t i m e  o f  a  cow. E v id e n t ly ,  th e  
b e s t  c r i t e r i o n  f o r  t h i s  p u rp o se  i s  th e  a v e ra g e  d a i l y  
y i e l d  o f  m ilk  p e r  cow d u r in g  s e v e r a l  y e a r s  i n  s u c c e s s io n .
| M atson (1 9 2 9 ) , working in  In d ia , found th a t
| “ th e  optim um  c a lv in g  i n t e r v a l  v a r i e s  d i r e c t l y  w i th  
m ilk in g  c a p a c i ty  a n d  in v e r s e ly  w ith  ag e  up  to  m a tu r i ty
j
G ain es an d  P a l f r e y  (1931 ) c a l c u l a t e d  th e  c o r r e l a t i o n
i
b e tw een  p r e c e d in g  c a lv in g  i n t e r v a l  and  a v e ra g e  d a i l y  
y i e l d ,  and  a l s o  t h a t  b e tw een  c u r r e n t  c a lv in g  i n t e r v a l  j 
and a v e ra g e  d a i l y  y i e l d .  T hey o b ta in e d  v a lu e s  o f  
+ 0 .142  + 0 .0 1 8  an d  -0 .1 3 4  + 0 .0 1 8  r e s p e c t i v e l y  f o r  t h e  | 
two c o r r e l a t i o n s ,  a n d  c o n c lu d ed  t h a t  “w h ile  t h e r e  i s  a  | 
sm a ll  g a in  fro m  a  s h o r t  c a lv in g  i n t e r v a l  i n  th e  c u r r e n t  
l a c t a t i o n  i t  i s  v e ry  e x a c t ly  l o s t  i n  th e  f o l lo w in g  
l a c t a t i o n . “ I t  i s  obv io u s t h e r e f o r e ,  t h a t  i f  th e  !
optimum le n g th  o f c a lv in g  i n t e r v a l  i s  to  be d e te rm in e d  
a c c u r a t e l y ,  a t t e n t i o n  m ust be p a id  t o  th e  e f f e c t  o f  th e  
c a lv in g  i n t e r v a l  n o t  o n ly  on th e  c u r r e n t  l a c t a t i o n
|
y i e l d  bu t a l s o  on th e  su bsequent on e. j
( f e i jx u a  q u i a  1 3 U
T M s was done w i th  th e  p r e s e n t  m a t e r i a l  by  
c a l c u l a t i n g  th e  n e t  e f f e c t  o f  th e  c a lv in g  i n t e r v a l
| on t h e  a v e ra g e  y i e l d  p e r  d ay  a f t e r  a llo w a n c e  had  b e en
| made f o r  i t s  e f f e c t  on th e  su b s e q u e n t l a c t a t i o n  y i e l d ,
} I
| F o r e a c h  l a c t a t i o n ,  th e  t o t a l  m ilk  y i e ld s  o f th e  cows :
| :
| w ere c l a s s i f i e d  i n t o  g ro u p s a c c o rd in g  t o  th e  l e n g th  
o f  th e  c u r r e n t  c a lv in g  i n t e r v a l ,  u s in g  a  c l a s s  i n t e r v a l
o f 30 days • The y i e l d s  o f  th e  cows d u r in g  th e  su b ­
s e q u e n t l a c t a t i o n  w ere  a l s o  n o te d .  E ach  l a c t a t i o n  
y i e ld  was th e n  c o r r e c te d  f o r  th e  e f f e c t  of t h a t  c a lv in g  
i n t e r v a l  on th e  n e x t  l a c t a t i o n ,  and  t h e  r e s u l t i n g  
f i g u r e s  u se d  t o  c a l c u l a t e  th e  n e t  a v e ra g e  d a i l y  y i e l d
j
| d u r in g  th e  c u r r e n t  c a lv in g  i n t e r v a l s .  T able 28 shows i
i  ;
| th e  f i g u r e s  o b ta in e d  by  t h i s  p ro c e s s  f o r  th e  f i r s t ,
j  !
| seco n d  and  t h i r d  l a c t a t i o n s .  The r e s u l t s  a re  a l s o  I
I !
p r e s e n te d  g r a p h i c a l l y  in  F i g .  12 f o r  th e  f i r s t  and j
t h i r d  l a c t a t i o n s .  A second  d e g re e  p o ly n o m ia l was 
f i t t e d  t o  th e  a c t u a l  r e s u l t s  i n  o rd e r  t o  o b ta in  th e  
c u rv e s . They show q u i te  c l e a r l y  t h a t  th e  optimum
i
le n g th  o f  c a lv in g  i n t e r v a l  f o r  th e  f i r s t  l a c t a t i o n  
was a b o u t 400 d a y s ,  w h ile  f o r  s u b s e q u e n t  l a c t a t i o n s  
i t  was a p p ro x im a te ly  one y e a r .  These f in d in g s  show !
f a i r  ag reem en t w i th  th e  p r a c t i c a l  e x p e r ie n c e  o f d a i r y  
fa rm e rs  who c a lv e  th e  h e i f e r s  i n  autum n o r  e a r l y  
w in t e r ,  a n d  th e  o ld e r  cows t h e r e a f t e r  i n  l a t e  w in te r  
o r s p r i n g . j
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Table 28
R e la t io n  betw een th e  le n g th  o f th e  c a lv in g  
I n t e r v a l  and th e  n e t  a v e ra g e  d a l l y  y i e l d  o f
m ilk
L a c t­
a t i o n
No.
L en g th  o f c a lv in g  i n t e r v a l  (d a y s )













No. o f 
cows
Av. d a i l y  
y i e l d  ( lb
28
1 8 .8 2
.)
75




2 1 .8 2
139
2 1 .0 3
126
2 1 .2 2
2
No. o f  
cows
A v .d a i ly  
y i e l d  
( l b . )
37
2 1 .2 4
133
2 1 .9 4
178
2 4 .3 4
105
2 4 .1 0
46
2 3 .1 2
43
2 1 .7 3
3
N o. o f  
cows
A v .d a i ly  
y i e l d  
( l b . )
27








2 2 .6 7
20
2 2 .9 7
The m ethod  u se d  h e r e  was a l s o  em ployed by
Jo h a n sso n  and H ansson  (1940 ) f o r  S w ed ish  Red a n d  W hite j
|
c a t t l e .  They found  t h a t  i n  t h e i r  m a t e r i a l ,  t h e  o p t i -  j 
mum le n g th  of c a lv in g  i n t e r v a l  f o r  th e  f i r s t  l a c t a t i o n  I 
was a b o u t 420 d a y s ,  f o r  th e  second  l a c t a t i o n  400 d a y s ,  | 
and f o r  l a t e r  ones a b o u t a  y e a r .  They s t a t e d  a l s o  
t h a t  p e r s i s t e n t  m ilk e r s  s h o u ld  b e  a llo w e d  lo n g e r  c a lv i i ig  
i n t e r v a l s  th a n  cows w h ic h  d ry  o f f  e a r l y .  T h is  a p p l i e s  ; 
e q u a l ly  w e l l  t o  t h e  p r e s e n t  d a t a ,  a s  i l l u s t r a t e d  b y  th e  
f a c t  t h a t  f i r s t  c a lv e r s  w h ic h  showed a  h ig h  p e r s is te n c y -  
u sed  a  lo n g  c a lv in g  i n t e r v a l  more p r o f i t a b l y  th a n  o ld e r  
cows •
C o rrec tio n  of m ilk y ie ld s  f o r  p reced in g  ca lv in g
The q u e s t io n  w h e th er p e rc e n ta g e  o r a d d i t i o n  
; c o r r e c t i o n s  s h o u ld  be u se d  f o r  th e  in f lu e n c e  o f  th e  
I p re c e d in g  c a lv in g  i n t e r v a l  on m ilk  y i e l d  has b e en  
| i n v e s t i g a t e d  w i th  t h e  p r e s e n t  d a t a .  F o r t h i s  p u rp o s e ,  
th e  cows w ere c l a s s i f i e d  i n t o  th r e e  g ro u p s  on th e  b a s i s  
o f t h e i r  a v e ra g e  180 d ay  m ilk  y i e l d  d u r in g  th e  f i r s t
| f o u r  l a c t a t i o n s ,  a n d  th e  r e g r e s s io n  o f  y i e l d  a t
|
m a tu r i ty  (3 rd  t o  6 th  l a c t a t i o n s )  on l e n g th  o f  p r e c e d in g  
c a lv in g  i n t e r v a l  was d e te rm in e d  w i th in  e ac h  g ro u p . The 
i r e s u l t s  a r e  p r e s e n te d  i n  T ab le  29 .
i
T a b le  29
| R e g re s s io n  o f  180 d a y  m ilk  y i e l d  ( l b . )  on le n g th  
o f  p re c e d in g  c a lv in g  i n t e r v a l  (d a y s )  w i th in  
g ro u p s  o f  h ig h -  and lo w - y ie ld in g  m atu re  cows
Number o f  
cows
A verage  180 d ay  m ilk  
y i e ld  ( l b . )
R e g re s s io n  c o e f f ­
i c i e n t  ( y i e l d  -  
p re c e d in g  c a lv in g  
i n t e r v a l )
207 5 9 6 2 .7 0 .8 2 4
378 7 1 8 2 .8 2 .265
327 8 3 3 9 .4 2 .763
The t r e n d  o f  t h e  r e g r e s s io n  c o e f f i c i e n t s  show s t h a t  cows
on a h ig h  l e v e l  o f p ro d u c t io n  in c r e a s e d  t h e i r  y i e l d
w ith  I n c r e a s e  i n  le n g th  o f  p re c e d in g  c a lv in g  i n t e r v a l ,
p r o p o r t io n a te l y  more th a n  low p r o d u c e r s .  T h e r e f o r e ,  I
p e rc e n ta g e  c o r r e c t i o n s  w ould  b e  m ore a p p r o p r ia te  t h a n  j 
th e  u se  o f c o n s ta n t  a d d i t i o n s  f o r  v a r i a t i o n s  i n  l e n g th  j
o f  c a lv in g  i n t e r v a l ;  th e r e  i s  n o  j u s t i f i c a t i o n  f o r  
th e  m ethod o f  c o n s ta n t  a d d i t i o n s  em ployed by Jo h a n sso n  
and  Hans s on (1 9 4 0 ) .
The a c t u a l  c o r r e c t i o n  c o e f f i c i e n t s  u se d  i n  th e  
p r e s e n t  i n v e s t i g a t i o n  a r e  shown in  A ppendix  T ab le  5 .
The c o r r e c t io n s  f o r  th e  s e c o n d , t h i r d  and  f o u r t h  
l a c t a t i o n s  w ere b a s e d  on th e  n e t  r e g r e s s i o n  o f  y i e l d  
on l e n g th  o f  p r e c e d in g  c a lv in g  i n t e r v a l  w ith  th e  age  
a t  c a lv in g  h e ld  c o n s ta n t  ( c f .  T ab le  23 and F i g .  1 1 ) .
F o r  th e  f i f t h  and  l a t e r  l a c t a t i o n s ,  th e  t o t a l  r e g r e s s io n s  
w ere u se d  b e c a u se  age  a t  c a lv in g  h ad  l i t t l e  o r no 
in f lu e n c e  on t h e s e  y i e l d s .  The s ta n d a r d  l e n g th  o f 
c a lv in g  i n t e r v a l  em ployed f o r  th e  c a l c u l a t i o n  o f  th e  
c o r r e c t i o n  f a c t o r s  v a r i e d  fro m  one l a c t a t i o n  t o  
a n o th e r  a c c o rd in g  t o  th e  mean f o r  th e  p a r t i c u l a r  
p o p u la t i o n .  The a v e ra g e  y i e l d  f o r  th e  whole p o p u la t io n  
rem ain ed  p r a c t i c a l l y  u n changed  b y  t h i s  m ethod o f 
c o r r e c t i o n .
T able 30
E f f e c t  o f c o r r e c t i o n s  on th e  t o t a l  v a r ia n c e  In  m ilk  
y i e l d  (180  d a y s )  d u r in g  th e  f i r s t  f o u r  l a c t a t i o n s  o f
326 cows
S o u rce
Mean 
180 day  
y i e l d  
( l b . )
V a ria n c e
V a ria n c e  a f t e r  
c o r r e c t i o n  t o  a 
mean y i e l d  o f 
6 7 4 8 .2  l b .
C o r re c te d
v a r ia n c e
Re lative 
v a lu e s
U n c o rre c te d  r e c o r d s 6748 .2 1 ,7 8 0 ,9 3 0 .0 2 1 ,7 8 0 ,9 3 0 .0 2 100.0
C o rre c te d  f o r  m onth o f 
c a lv in g  w i t h i n  h e rd s 6 7 8 2 .4 1 ,7 4 6 ,8 5 8 .8 9 1 ,7 2 9 ,2 8 6 .3 8 97.1
C o rre c te d  f o r  m onth o f 
c a lv in g  w i t h in  h e rd s  
and  a g e  i n  l a c t a t i o n s 7 4 2 0 .0 1 ,6 1 6 ,8 4 3 .7 2 1 ,3 3 7 ,3 2 2 .4 4 7 5 .1
C o r re c te d  f o r  m onth o f  
c a lv in g  w i th  h e r d s ,  
ag e  i n  l a c t a t i o n s  
an d  age  a t  c a lv in g  
i n  y e a rs  and m onths 7 4 1 8 .5 1 ,5 7 5 ,9 3 3 .8 7 1 ,3 0 4 ,0 1 2 .2 8 73.2
C o r re c te d  f o r  m onth o f 
c a lv in g  w i th in  h e r d s t 
a g e  i n  l a c t a t i o n s ,  
ag e  a t  c a lv in g  in  
y e a r s  and  m onths and 
l e n g th  o f  p r e c e d in g  
c a lv in g  i n t e r v a l . 7 4 2 1 .7 1 ,5 7 0 ,8 1 2 .6 7 1 ,2 9 8 ,6 5 4 .1 2 72.9
7 .  The e f f e c t  o f  c o r r e c t i o n s  f a r  n o n -g e n e t lo  
f a c t o r s  on th e  v a r i a t i o n  in  m ilk  y i e l d
The e f f e c t  o f c o r r e c t i o n s  on th e  v a r i a t i o n  in  m ilk  
y i e l d  has been  s t u d i e d  by  a  co m p ariso n  o f  th e  ftraw M 
an d  s t a n d a r d i s e d  180 day  r e c o r d s  o f  326 cow s, e a c h  
o f w h ich  h ad  c o m p le te d  th e  f i r s t  f o u r  l a c t a t i o n s ,  
i The r e s u l t s  o f  t h i s  s tu d y  a r e  sum m arised  i n  T ab le  3 0 , 
I t  w i l l  b e  o b se rv ed  t h a t  a n  a p p r e c ia b le  
! r e d u c t io n  i n  v a r ia n c e  h as  b een  b ro u g h t  a b o u t by 
s t a n d a r d i s a t i o n  f o r  m onth o f c a lv in g  w i t h in  h e r d s ,
I age in  l a c t a t i o n s ,  ag e  a t  c a lv in g  in  y e a r s  and m onths 
I w i th in  l a c t a t i o n s ,  and le n g th  o f p re c e d in g  c a lv in g  
i n t e r v a l .  The t o t a l  d e c re a s e  in  v a r ia n c e  was fo u n d  
t o  be  1 1 ,8  p e r  c e n t . ,  b u t  t h e  mean i t s e l f  in c r e a s e d  
fro m  6748*2 l b ,  to  7 4 2 1 ,7  l b .  When th e  v a r ia n c e  was 
c o r r e c te d  f o r  t h i s  change in  m ean, t h e  r e d u c t io n  in  
s v a r ia n c e  was 2 7 .1  p e r  c e n t ,  A s tu d y  o f  e ac h  s ta g e  o f  
; s t a n d a r d i s a t i o n  s e p a r a t e l y ,  g iv e s  th e  f o l lo w in g
i
I d i s t r i b u t i o n  o f  v a r ia n c e s
P e rc e n ta g e  r e d u c t io n  
o f  th e  t o t a l  v a r ia n c e
1 S t a n d a r d i s a t i o n  f o r  m onth  o f 
I c a lv in g  w i t h in  h e rd s   .......... 2 ,9
I S t a n d a r d i s a t i o n  f o r  ag e  i n
l a c t a t i o n s 22.0
| S t a n d a r d i s a t i o n  f o r  ag e  i n  
| y e a rs  and  m onths w i th in  l a c t a t i o n s •  •  • 1 .9
| S t a n d a r d i s a t i o n  f o r  l e n g th  o f
p re c e d in g  c a lv in g  i n t e r v a l 0 .3
T o ta l 2 7 .1
The g r e a t e s t  r e d u c t io n  i n  v a r ia n c e  was b ro u g h t 
a b o u t b y  s t a n d a r d i s a t i o n  f o r  ag e  i n  l a c t a t i o n s .  A 
s m a lle r  f r a c t i o n  w as a c c o u n te d  f o r  by  th e  m onth of 
c a lv in g  and age w i t h in  l a c t a t i o n s .  B u t ,  o n ly  0 .3  p e r  
c e n t ,  o f  th e  t o t a l  v a r ia n c e  was a t t r i b u t a b l e  t o  th e  
l e n g th  o f  t h e  p r e c e d in g  c a lv in g  i n t e r v a l .  I t  s h o u ld ,  
h o w ev er, be p o in te d  ou t t h a t  th e  c o r r e c t i o n  f o r  p r e ­
c e d in g  c a lv in g  i n t e r v a l  was m a in ly  e f f e c t i v e  f o r  cows 
w i th  v e ry  lo n g  or v e ry  s h o r t  c a lv in g  i n t e r v a l s  p r e ­
c e d in g  t h e i r  l a c t a t i o n s .  T hese  w ere r e l a t i v e l y  few  in  
num ber, a n d  i t  was t h e r e f o r e  t o  be e x p e c te d  t h a t  th e  
a v e ra g e  r e d u c t io n  in  v a r ia n c e  f o r  a l l  cows in  a  
p o p u la t io n  w ould  be lo w . N e v e r th e le s s ,  i t  w ould s t i l l  
be  u s e f u l  f o r  th o s e  cows w h ich  may be te rm ed  th e  
ex trem e v a r i a t e s •
8 • R e la t iv e  v a lu e  o f  d i f f e r e n t  r e c o r d s  
I f o r  e s t im a t in g  p ro d u c in g  a b i l i t y
j Prom t h e i r  s tu d y  o f  th e  r e l a t i v e  u s e f u ln e s s  o f  th e  f i r s t  
t h r e e  l a c t a t i o n  r e c o rd s  a s  i n d i c a t o r s  o f  th e  cow’ s r e a l  
p ro d u c in g  a b i l i t y ,  Jo h a n sso n  and H ansson (1940) co n ­
c lu d e d  t h a t  th e  seco n d  l a c t a t i o n  r e c o r d  i s  th e  l e a s t  
d e p e n d a b le  o f  th e  t h r e e ,  and  t h a t  i t  sh o u ld  c o n s i s t e n t*  
ly  be  e x c lu d e d  fro m  a n y  e s t im a te s  o f  a  cow’s p r o d u c t io n  
c a p a c i ty .  An e x te n s iv e  s tu d y  o f t h i s  c u e s t io n  was made 
i n  r e l a t i o n  t o  th e  p r e s e n t  d a t a ,  and th e  r e s u l t s  o u t ­
l i n e d  below  showed on  th e  o th e r  hand  t h a t  th e r e  w e re  no 
s i g n i f i c a n t  d i f f e r e n c e s  among th e  f i r s t  t h r e e  r e c o r d s
i
| i n  t h e i r  a b i l i t y  t o  r e f l e c t  th e  cow’ s h e r e d i t a r y  ty p e
|
j f o r  m ilk  y i e l d .
T ab le  31 show s th e  v a r ia n c e  o f  th e  f i r s t  t h r e e
I !
| l a c t a t i o n  r e c o r d s  (180  d a y s )  b e fo r e  and a f t e r  c o r r e c t i o n
f o r  th e  d i f f e r e n c e s  i n  mean y i e l d .  The r e l a t i v e  v a lu e s
I
o f th e  c o r r e c te d  v a r ia n c e  a r e  g iv e n  f o r  p u rp o se s  o f
i
c o m p a riso n , and  i t  w i l l  be  o b se rv ed  t h a t  th e y  showed j
j
v e ry  l i t t l e  v a r i a t i o n  from  th e  f i r s t  t o  th e  t h i r d  j 
l a c t a t i o n .  I n  Jo h a n sso n  and  H ansson*s m a t e r i a l ,  th e  i
v a r ia n c e  o f  th e  f i r s t  l a c t a t i o n  y i e l d  was fo u n d  to  b e  j|
a b o u t 18 p e r  c e n t ,  lo w e r , and  t h a t  o f  th e  seco n d  ■
l a c t a t i o n  18 p e r  c e n t ,  h ig h e r  th a n  th e  v a r ia n c e  o f  t h e  ; 
t h i r d  l a c t a t i o n .  I t  s h o u ld ,  how ever, be n o te d  
t h a t  t h e i r  seco n d  l a c t a t i o n  r e c o rd s  w ere  r a t h e r  abnorm al 
in  t h a t  th e  d r y  p e r io d  p r e c e d in g  t h a t  l a c t a t i o n  was on 




The v a r ia n c e  o f th e  f i r s t  t h r e e  l a c t a t i o n  
r e c o r d s  (180 d a y s )  b e fo re  and a f t e r  c o r r ­
e c t io n  f o r  d i f f e r e n c e s  In  mean y i e l d
L a c t­
a t i o n
No.
No. o f 
cows
Mean 180 
day  y i e l d
( l b . )
V a ria n c e
V a ria n c e  a f t e r  
c o r r e c t io n  t o  a  
mean y i e l d  o f  
7000 l b .
C o r re c te d
v a r ia n c e
R e la ­
t i v e
v a l ­
u e r
1 1211 5 5 7 1 .8 9 7 2 ,5 9 0 .4 1 ,5 3 5 ,0 9 4 .2 9 9 .8
2 915 6 5 5 3 .9 1 ,3 0 6 ,4 4 9 .0 1 ,4 9 0 ,3 5 2 .2 9 6 .9
3 688 6 9 9 4 .1 1 ,5 3 5 ,6 1 6 .6 1 ,5 3 8 ,2 0 8  .5 1 0 0 .0
The r e l a t i v e  u s e f u ln e s s  o f th e  f i r s t  t h r e e  
r e c o rd s  was a l s o  s t u d i e d  by  th e  c o r r e l a t i o n  m eth o d . The 
f i r s t ,  seco n d  and  t h i r d  l a c t a t i o n  re c o rd s  (180 d a y s )  o f  ;
513 cows w hich  h a d  p r e v io u s ly  been  c o r r e c te d  f o r  m onth j
: I
o f c a lv in g ,  a g e  and  l e n g th  o f  p re c e d in g  c a lv in g  in b e rv a |l ,  
w ere  u s e d  f o r  t h i s  p u rp o s e . A l l  th e  p o s s ib le  c o r r e l ­
a t i o n s  b e tw ee n  th e  f i r s t  t h r e e  r e c o r d s  w ere  c a l c u l a t e d , j  
and th e  r e s u l t s  a r e  p r e s e n te d  i n  P i g .  1 3 . T hey show j
i
t h a t  th e  c o r r e l a t i o n s  b e tw e e n  th e  seco n d  l a c t a t i o n  on
| |
th e  one h a n d , and th e  f i r s t  an d  t h i r d  l a c t a t i o n s  on th e !
o th e r ,  w ere  v e ry  s i m i l a r .  The c o m p a ra t iv e ly  low
c o r r e l a t i o n  b e tw ee n  th e  f i r s t  and t h i r d  r e c o r d s  was o f  j
c o u rse  to  b e  e x p e c te d , b e c a u se  t h e  e n v iro n m e n ta l  f a c to r y
and th e  c o n d i t io n  o f  th e  cow w ould b e  l e s s  s i m i l a r  when!
i
th e  r e c o r d s  w e re  f u r t h e r  a p a r t  i n  tim e  th a n  when th e y
I ' ;
were c lo s e  t o g e t h e r .  The p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  
w hich a r e  p r e s e n te d  in  th e  sam e f i g u r e ,  a l s o  p o in t  q u i te
c l e a r l y  t o  th e  f a c t  t h a t  t h e  c o r r e l a t i o n  b e tw een  non­
e x e c u t i v e  l a c t a t i o n s  was d e f i n i t e l y  p o o re r  th a n  
b e tw een  c o n s e c u t iv e  l a c t a t i o n s .  The h ig h  t o t a l  and  
p a r t i a l  c o r r e l a t i o n s  shown by  th e  second  l a c t a t i o n  
y i e l d  w i th  th e  f i r s t  and  t h i r d  i n d i c a t e  t h a t  th e  second  
r e c o rd  w ould  b e  q u i te  s a t i s f a c t o r y  f o r  e s t im a t in g  a  
cow’ s p ro d u c in g  a b i l i t y .
In  T a b le  3 2 , t h e  r e s u l t s  o b ta in e d  b y  c o r r e l a t i n g
|
e ac h  o f  th e  f i r s t ,  second  and t h i r d  l a c t a t i o n  y i e l d s  o f  
187 cows w ith  t h e i r  a v e ra g e  y i e ld s  d u r in g  th e  f o u r t h  
and f i f t h  l a c t a t i o n s ,  a r e  p r e s e n te d .  The t o t a l  and 
w i th in  h e rd s  c o r r e l a t i o n s  w ere d e te rm in e d  f o r  b o th  Mraw ^ 
and c o r r e c te d  180 d a y  y i e l d s .  The t r e n d  of th e  c o r r e l ­
a t i o n  c o e f f i c i e n t s  shows once a g a in  t h a t  t h e i r  v a lu e  i 
in c r e a s e d  g r a d u a l ly  a s  th e  r e c o rd s  a p p ro a c h e d  e a c h  othe^*
I
in  t im e .  The v a lu e s  o f th e  c o e f f i c i e n t s  f o r  th e  second! 
l a c t a t i o n  show ed no e v id e n t  d e v ia t i o n  from  t h i s  g e n e ra l!
1 I
t r e n d ,  and  i t  can  t h e r e f o r e  be  c o n c lu d e d  fro m  th e s e  datja. 
t h a t  t h e  second  l a c t a t i o n  r e c o rd  w ould be a s  r e l i a b l e  
|a s  an y  o th e r  in  e v a lu a t in g  th e  cow’s g en o ty p e  f o r  m ilk  
| y i e l d .  |
! j
j C e r ta in  o th e r  in fo rm a tio n  p r e s e n te d  i n  T ab le  32!
; i
|may now be c o n s id e r e d .  T h is  t a b l e  c o n ta in s  i n  a d d it io n !i !
I i
I t o  t h e  c o r r e l a t i o n s  r e p o r t e d  in  th e  p re c e d in g  p a ra g rap h ^  
|two f u r t h e r  s e t s  o f c o r r e l a t i o n s .  T hese  w ere  o b ta in e d  j 
by c o r r e l a t i n g  th e  a v e ra g e  o f  th e  f o u r th  a n d  f i f t h  
l a c t a t i o n  y i e l d s  o f  e a c h  cow w ith  the  a v e ra g e  o f  th e  
[ f i r s t  and  s e c o n d , a n d  w i th  th e  a v e ra g e  o f  th e  f i r s t ,
i
second  and t h i r d  l a c t a t i o n  y i e ld s  o f  th e  same ccw s. I t
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w i l l  be  o b se rv e d  t h a t  th e s e  c o r r e l a t i o n s  w ere o f  th e  
same o rd e r  a s  th e  c o r re s p o n d in g  ones o b ta in e d  by c o r r e l ­
a t i n g  th e  a v e ra g e  o f  th e  f o u r t h  and  f i f t h  l a c t a t i o n  
y i e l d s  w ith  e a c h  o f  th e  second  and t h i r d  l a c t a t i o n
y i e l d s ;  -  i n  m ost c a s e s  th e y  w ere  even  s l i g h t l y  sm a lle r ;
;
th a n  t h e  l a t t e r .  T h is  means t h a t  th e  p ro b a b le  y i e l d  of 
a  cow a t  m a tu r i t y  ( f o u r th  o r f i f t h  l a c t a t i o n )  can  be
i
I p r e d i c te d  a s  a c c u r a t e l y  from  th e  t h i r d  l a c t a t i o n  a s
jfrom  th e  f i r s t  t h r e e  l a c t a t i o n s  t o g e t h e r .  In  o th e r  
| ;
jw o rds, as S ik k a  (1 9 4 0 ) a l s o  c o n c lu d e d , ww here th e  y ie ld |
| !
o f t h e  p r e c e d in g  l a c t a t i o n  i s  known, t h e r e  i s  l i t t l e
g a in  i n  c o n s id e r in g  th e  p ro d u c t io n  o f  a n y  o f  th e  o th e r  !
p a s t  l a c t a t i o n s  t o  e s t im a te  th e  p ro b a b le  y i e l d  i n  a
f u t u r e  l a c t a t i o n . 1* i
j
T a b le  32 |
:  j
C o r r e l a t i o n  b e tw ee n  t h e  180 d a y  y i e l d  o f  e a c h  j
o f th e  f i r s t  t h r e e  l a c t a t i o n s  and t h e i r  a v e r -  j
I a g e s ,  and t h e  180 day  y i e l d  a t  m a tu r i t y  j
L a c t­
a t i o n
No.
Haw 180 d a y  y i e l d C o rre c te d  180 d ay  yield
T o ta l  
c o r r e la  -  
t i o n
W ith in  herds 
c o r r e l a t i o n
T o ta l
c o r r e l a ­
t i o n
W ith in  hards 






A v .1 ,2
& 3
+ 0 .4 5 3  
+ 0 .5 5 4  
+ 0 .7 1 2
+ 0 .5 5 1
+ 0 .6 5 3
+ 0 .3 8 5  
+ 0 .4 7 6  
+ 0 .6 4 1
+ 0 .4 8 0
+ 0 .5 8 7
+ 0 .4 6 9  
+ 0 .5 9 9  
+ 0 .7 0 2
+ 0 .583
+ 0 .6 7 0
+ 0 .3 9 2  
+ 0 .5 0 7  
+ 0 .6 1 7
+ 0 .505  
+ 0 .5 9 7
;
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9 • V a ria n ce  o f  m ilk  y ie ld a  due  to  
d i f f e r e n c e s  b e tw e e n  h e rd a  and  
y e a rs
I t  was shown i n  a p r e l im in a r y  a n a l y s i s  of v a r ia n c e  o f  
th e  a v e ra g e  180 d ay  m ilk  y i e l d s  o f  each  h e rd  i n  each  
y e a r  fro m  1930 t o  1938 , t h a t  t h e r e  was no e v id e n c e  o f j 
a p e rm a n en t change i n  y i e ld  th ro u g h  th e  n in e  y e a rs  
s t u d i e d .  On th e  o th e r  h a n d , th e  d i f f e r e n c e s  i n  h e rd  
means w ere found  t o  b e  h ig h ly  s i g n i f i c a n t .  I t  was 
p o in te d  o u t ,  h o w ev er, t h a t  s in c e  th e  a n a ly s i s  was based! 
on a v e ra g e  f i g u r e s ,  th e  r e s u l t s  m igh t n o t  a g re e  co m p le tje ly  
w i th  th o s e  o b ta in e d  fro m  d e t a i l e d  a n a ly s e s  u s in g  th e  
in d iv id u a l  y i e ld s  o f  cow s. The p r e s e n t  s e c t i o n  i s  
t h e r e f o r e  d e v o te d  t o  a  d e t a i l e d  s tu d y  o f  th e  v a r i a n c e  
o f m ilk  y ie ld s  due t o  d i f f e r e n c e s  b e tw een  h e rd s  and  y ear’s .
ii
The a n a ly s i s  r e p o r t e d  h e re  was b a s e d  on 1138 j
j
f i r s t  l a c t a t i o n  r e c o r d s  o f  cows from  th e  12 h e rd s  over j 
a p e r io d  o f  n in e  y e a r s  (1930 t o  1 9 3 8 ). I t  was e v id e n t  
a t  th e  o u t s e t ,  t h a t  owing t o  u n e q u a l num bers i n  th e  su b ­
c la s s e s  t h e  e s t im a te s  o f  th e  p o p u la t io n  v a r ia n c e  o b t a i n ­
ed by  s t r a ig h t f o r w a r d  s t a t i s t i c a l  m ethods w ould n o t  a l l  
be in d e p e n d e n t .  The f o l lo w in g  m ethod o f overcom ing  t h i s  
d i f f i c u l t y  was th e r e f o r e  s u g g e s te d  b y  Dr R .A . Eobb, and! 
was a d o p te d .
I
An e s t im a te  o f  th e  v a r ia n c e  w i th in  e a c h  s u b -  j  
sam ple was f i r s t  made by  c o n s id e r in g  th e  d a t a  a s  b e in g  !
j
c l a s s i f i e d  one-w ay i n t o  108 s u b s a m p le s . T h is  e s t im a te  |
|
would be  in d e p e n d e n t o f a n y  e s t im a te  b a s e d  on  t h e  means j 
o f su b sa m p le s , and  h a s  a c c o r d in g ly  § e e n  u se d  th ro u g h o u t  j
i
as th e  b e s t  e s t im a te  o f th e  p o p u la t io n  v a r i a n c e .  The |
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r e s u l t s  o f t h i s  a n a l y s i s  a r e  sum m arised  in  T a b le  5 3 .
T ab le  33 
A n a ly s is  o f  v a r ia n c e
S o u rc e d . f . Sum o f s q u a re s E s tim a te d
v a r ia n c e
Betw een su b sam p les
R e s id u a l




3 5 4 ,9 5 9 ,5 0 0
7 7 3 ,7 3 9 ,9 3 2
1 ,1 2 7 ,6 9 9 ,4 3 2
7 50 ,233
| The o th e r  in d e p e n d e n t e s t im a te s  o f t h e  p o p u la ­
t i o n  v a r ia n c e  t h a t  h ad  s t i l l  to  be o b ta in e d  w ere
( i )  a n  e s t im a te  b a s e d  on t h e  mean y i e ld s  of th e  
h e rd s  o v e r t h e  w hole p e r io d ,
( i i )  a n  e s t im a te  b a se d  on th e  mean y i e ld s  i n  
d i f f e r e n t  y e a rs  o f  a l l  h e r d s ,  and
( i i i )  a n  e s t im a te  b a se d  on t h e  mean y i e ld s  o f  |
p a r t i c u l a r  h e rd s  in  p a r t i c u l a r  y e a r s ,  i . e .  ! 
on th e  mean y i e l d s  o f s u b s a m p le s . j
1 I
I The m ethod a d o p te d  to  o b ta in  th e s e  was fo u n d ed  on em- i| i| I
i p i r i c a l  e v id e n c e  and g av e  s u f f i c i e n t l y  a c c u r a te  r e s u l t s ! .
! ! 
l i t  c o n s i s t e d  o f  r e p la c in g  th e  a c t u a l  num bers i n  e a c h  !
jsubsam ple by  p r o p o r t io n a te  num bers , a l t e r i n g  th e  o r i g i n a l
d a ta  a c c o r d in g ly ,  and  f i n d in g  th e  e s t im a te s  ( i ) ,  ( i i )  j
land ( i i i )  fro m  th e s e  a d ju s te d  d a ta  i n  th e  u s u a l  w ay . j
j i
T h is m ethod i s  a p p l i c a b l e  o n ly  w here th e  a c t u a l  num bers j 
|a re  n o t to o  d i s p r o p o r t i o n a t e .  The f a c t  t h a t  i t  was j 
a p p l i c a b le  to  th e  p r e s e n t  d a ta  was t h e r e f o r e  v e r i f i e d  bjr
I
u s in g  t h e  c h i - s q u a r e  t e s t  f o r  t h e  a c t u a l  and  t h e o r e t i c a l
p r o p o r t io n a te  num bers • I t  was fo und  t h a t  th e  h y p o th e s is
!
of p r o p o r t i o n a l i t y  i n  th e  p o p u la t io n  was a c c e p ta b l e ,  an<ji
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t h e r e f o r e  t h e  e m p i r ic a l  m ethod was u s e d  In  th e  a n a ly s i s  
o f  v a r i a n c e .  The r e s u l t s  a r e  sum m arised  i n  T a b le  3 4 .
T a b le  54
A n a ly s is  o f  v a r ia n c e  j
S o u rc e d . f . Sum o f  s q u a re s E s tim a te d
v a r ia n c e
B etw een h e rd s 11 2 0 8 ,2 3 8 ,7 4 4 1 8 ,9 3 0 ,7 9 5 CD
B etw een y e a rs 8 3 2 ,9 4 5 ,8 4 9 4 ,1 1 8 ,2 3 1 ( u )
I n t e r a c t i o n 88 9 9 ,6 6 0 ,0 6 3 1 ,1 3 2 ,5 0 1 (H i)
B etw een su b ­
sam ples 107 3 4 0 ,8 4 4 ,6 5 6
C om parison o f  e s t im a te  ( i i i )  o f  th e  p o p u la t io n  ; 
v a r ia n c e  w i t h  t h e  o r i g i n a l  b e s t  e s t im a te  showed s i g n i -  j 
• f i c a n t  i n t e r a c t i o n .  C om parison  o f e s t im a te  ( i )  w i th  
e s t im a te  ( i i i )  gave a  s i g n i f i c a n t  d i f f e r e n c e .  S im i la r - j
ly  e s t im a te  ( i i )  was s i g n i f i c a n t l y  d i f f e r e n t  from  |
j , i
e s t im a te  ( i i i )  (o n  th e  1 p e r c e n t ,  l e v e l ) .  j
i I
| The f o l lo w in g  c o n c lu s io n s  em erge fro m  t h i s  j
j a n a ly s is  : -
! j
I (1 ) T h ere  was a  s i g n i f i c a n t  d i f f e r e n c e  be tw een  j
| th e  y i e l d s  o f  d i f f e r e n t  h e r d s • j
(2 ) T h ere  w ere s i g n i f i c a n t  d i f f e r e n c e s  be tw een  
y e a r s  a p p l i c a b l e  t o  a l l  h e r d s .
i (3 )  T h ere  w ere s i g n i f i c a n t  h e rd  y e a r  i n t e r a c t i o n s , ;
! i * e .  t h e  y i e ld s  o f  d i f f e r e n t  h e rd s  te n d e d  t o
change a t  d i f f e r e n t  r a t e s  o v e r  th e  p e r io d .
Prom a  g e n e t i c a l  p o in t  o f  v iew , th e  q u e s t io n
now a r i s e s ,  w hat p r o p o r t io n  o f  th e s e  d i f f e r e n c e s  b e tw eeh
herds and  y e a r s  was due t o  e n v iro n m e n ta l c a u s e s ,  an d
what p r o p o r t io n  c o u ld  be a t t r i b u t e d  to  d i f f e r e n c e s  i n  j
h e r e d i ty ?  I f  i t  w ere p o s s ib l e  t o  e s t im a te  th e  m agni- 
| tu d e  o f th e  e n v iro n m e n ta l  f r a c t i o n ,  th e n  o b v io u s ly  a  
more a c c u r a te  e v a lu a t io n  o f  th e  in h e r e n t  d i f f e r e n c e s  
j b e tw een  cows c o u ld  be o b ta in e d  a f t e r  e l i m in a t i o n  o f  thej 
| e n v iro n m e n ta l  d i f f e r e n c e s .  B ut u n f o r t u n a t e l y ,  no 
| s a t i s f a c t o r y  m ethod o f  e s t im a t in g  th e  two com ponents 
s e p a r a t e l y  h a s  h i t h e r t o  b e en  d is c o v e r e d .  In  f a c t ,  i t
j
j
seem s a lm o s t Im p o ss ib le  w i th  t h e  p r e s e n t  ty p e  o f  d a ta  
to  a r r i v e  a t  any  s a t iw f a c to r y  c o n c lu s io n s  in  r e g a r d  t o  |
t h i s  m a t t e r .  H ow ever, w i th  th e  in c r e a s in g  u se  o f  t h e  !
|
same b u l l s  I n  d i f f e r e n t  h e rd s  by a r t i f i c i a l  in s e m in a t io n ,  
i t  sh o u ld  be p o s s ib l e  i n  t h e  f u t u r e  t o  o b ta in  a n  
a d e q u a te  b a s i s  f o r  e s t im a t in g  g e n e t i c  d i f f e r e n c e s  in  
; l e v e l s  o f p r o d u c t io n  b e tw een  h e r d s .  The l i t t l e  e v id e n c e  
[ th a t  h a s  h i t h e r t o  b een  c o l l e c t e d  a lo n g  th e s e  l i n e s  
(R en d e l and  R obertw on -  p r i v a t e  com m unica tion ) s u g g e s ts
i
t h a t  t h e  g r e a t e r  p a r t  o f  th e  d i f f e r e n c e s  be tw een  h e rd s  
i s  due to  m anagem ent. U n t i l  more d a t a  a r e  fo r th c o m in g , 
i t  w i l l  b e  w e l l  t o  r e f r a i n  from  any  f u r t h e r  d i s c u s s i o n  
of t h i s  p o i n t .
10• S tu d y  of th e  g e n e t i c  im provem ent i n  
m ilk  y i e ld s  a c h ie v e d  by  s e l e c t i o n
I t  i s  a w e l l  known f a c t  t h a t  i n  th e  b re e d in g  o f  any
p o p u la t io n ,  t h e r e  i s  a n  i n e v i t a b l e  s e l e c t i o n  o f c e r t a i n
in d iv id u a l s  o v e r o th e r s  on th e  b a s i s  o f  t h e i r  p h e n o ty p ic
d u a l i t i e s . T hese q u a l i t i e s  n a t u r a l l y  v a ry  from  one |
!i
p o p u la t io n  to  a n o th e r .  However, i n  th e  b re e d in g  o f  j  
d a i r y  c a t t l e  in  t h i s  c o u n try , th e  y i e l d  o f  m ilk  ap p ea rs ; 
t o  fo rm  th e  m ain  b a s i s  f o r  th e  s e l e c t i o n  t h a t  h as  b e e n  i 
p r a c t i s e d  b y  h e rd  owners up to  t h e  p r e s e n t  d a y .  I t  j
seem s d e s i r a b l e  t h e r e f o r e  to  d e te rm in e  w h a t e f f e c t  th i s ; |
s e l e c t i o n  h as  p ro b a b ly  had  on th e  p ro d u c t iv e  l e v e l  o f 
d i f f e r e n t  h e rd s  of d a i r y  c a t t l e  d u r in g  a  g iv e n  t im e .
The o r i g i n a l  m ethods em ployed f o r  t h i s  p u rp o se  I
|
by  Ryde (1 9 3 6 ) , L o r ts c h e r  (1 9 3 7 ) ,  and  N elson  (1943) werje
i
b a se d  on t h e  a ssu m p tio n  t h a t  i f  changes due to  ag e  a r e  | 
a llo w e d  f o r ,  th e  d i f f e r e n c e  i n  t h e  y i e l d s  o f  th e  same 
cows i n  s u c c e s s iv e  y e a r s  i s  due  to  e n v iro n m e n t. The 
g e n e t ic  change i n  t h e  w hole p o p u la t io n  f o r  th e  p e r io d  
u n d e r s tu d y ,  c o u ld  th e n  b e  d e te rm in e d  by  s u b t r a c t in g  
th e  e n v iro n m e n ta l  f r a c t i o n  c a l c u l a t e d  a b o v e , fro m  th e  
t o t a l .  B ut ow ing t o  th e  f a c t  t h a t  i t  i s  im p o s s ib le  t o  
s e g re g a te  f u l l y  th e  e f f e c t  o f  a  more o r  l e s s  c o n tin u o u s  
im provem ent i n  en v iro n m en t from  th e  e f f e c t  of th e  changS 
in  age o f th e  cow s, th e  c o n c lu s io n s  draw n fro m  su c h  
s tu d ie s  c an n o t be c o n s id e re d  s a t i s f a c t o r y .  In  1944 , i
D ic k e rso n  a n d  H a z e l, i n  t h e i r  p a p e r  on t h e  e f f e c t i v e n e s s  
o f s e l e c t i o n  on p ro g en y  p e rfo rm a n c e , s u g g e s te d  a  method; 
o f e s t im a t in g  th e  r a t e  o f g e n e t i c  im provem ent f o r  a  ji
j
known s e l e c t i o n  program m e. The a p p l i c a t i o n  o f  t h i s  j
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m ethod  to  m ilk  y ie ld  d a ta  h a s  b e e n  e x te n s iv e ly  d e v e lo p ­
ed by  R en d el and  R o b e rtso n  (1 9 4 9 ) , and  i t  i s  t h i s  
m ethod w h ich  i s  em ployed h e r e .
The p e rfo rm an c e  o f a  cow i s  g e n e r a l l y  ju d g ed  by 
th e  d a i r y  f a rm e r  on th e  b a s i s  o f  th e  t o t a l  m ilk  y i e l d  | 
d u r in g  one o r  more l a c t a t i o n s .  I t  was t h e r e f o r e  decideld  
t h a t  f o r  t h i s  s tu d y  on s e l e c t i o n ,  i t  w ould be p r e f e r a b l e  
t o  u se  t o t a l  l a c t a t i o n  y ie ld s  r a t h e r  th a n  f i g u r e s  basedj
j
on a  p a r t i a l  l a c t a t i o n  p e r io d  o f  180 d ay s  • The i n t e n s i t y  
o f s e l e c t i o n  p r a c t i s e d  i n  th e  12 h e rd s  was th e n  c a l c u l ­
a te d  i n  te rm s  o f s e l e c t i o n  d i f f e r e n t i a l s ,  i . e .  t h e  ! 
d i f f e r e n c e  be tw een  t h e  a v e ra g e  y i e ld  o f  th e  a n im a ls  
c h o sen  as p a r e n t s  an d  th e  a v e ra g e  o f t h e i r  own g e n e r -  j 
a t i o n .  F o r t h i s  p u rp o s e , th e  cows w ere c l a s s i f i e d  i n to  
s i x  g ro u p s o f  c o n te m p o ra r ie s ,  and th e  p h e n o ty p ic  s e l e c ­
t i o n  d i f f e r e n t i a l  was c a l c u l a t e d  w i th in  e a c h  g ro u p  by  
w e ig h tin g  th e  f i r s t  l a c t a t i o n  r e c o rd  o f e a c h  cow acco rd f- 
in g  t o  th e  num ber o f d a u g h te r s  sh e  l e f t  I n  t h e  h e r d ,  
and com paring  th e  a v e ra g e  y i e ld  o b ta in e d  by  t h i s  p ro c e s£  
w i th  th e  a v e ra g e  o f  a l l  f i r s t  l a c t a t i o n s  in  th e  g r o u p .  
T h is  a p p a r e n t  p h e n o ty p ic  s e l e c t i o n  d i f f e r e n t i a l  was 
c o n v e r te d  t o  a  g e n e t ic  m easu re  b y  m u l t ip ly in g  i t  b y  t h e  
a p p r o p r ia te  f i g u r e  f o r  h e r i t a b i l i t y  -  th e  e f f e c t i v e  
h e r i t a b i l i t y  b e in g  ta k e n  a s  0 .2 5  f o r  th e  p r e s e n t  d a ta  
(sed  P a r t  V ) . The r e s u l t s  a r e  sum m arised  i n  th e  t h i r d  
column o f  T a b le  35 u n d e r th e  h e a d in g ,  " g e n e t ic  s u p e r ­
i o r i t y  o f dams b a se d  on f i r s t  l a c t a t i o n . "
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E stim a tio n  of s e le c t io n  d i f f e r e n t i a l  from
c u l l i n g  p r a c t i s e d
Period S e l e c t i o n  d i f f e r e n t i a l  
on 1 s t  l a c ­
t a t i o n  *
( g a l l o n s )





i n  
h e rd s
b a se d  on 
1 s t  l a c ­
t a t i o n
( g a l l o n s )
b a se d  on 
1 s t  t o  4 th  
l a c t a t i o n s
(g a l I o n s )
1 + 1 0 .6 + 1 2 .4 + 33 .4 147
2 + 2 5 .5 + 0 .9 + 1 9 .0 112
3 + 4 1 .3 + 2 3 .5 + 2 8 .0 135
4 + 1 4 .4 + 1 3 .9 + 2 1 .3 148
5 + 2 9 .6 + 2 0 .3 + 2 5 .7 153
6 + 2 4 .0 + 9 .9 + 2 3 .2 135
T o ta l + 2 4 .1 + 1 4 .1 + 2 5 .4 830
* Mean o f  f i r s t  l a c t a t i o n s  o f  cowa h a v in g  seco n d  
l a c t a t i o n s  m inus mean o f  a l l  f i r s t  l a c t a t i o n s . i
H ow ever, in  t h e  b r e e d in g  o f d a i r y  c a t t l e  i t  i s  !
fo und  t h a t  n o t  a l l  th e  s e l e c t i o n  ta k e s  p la c e  on th e
b a s i s  o f t h e  f i r s t  l a c t a t i o n  i t s e l f .  The a c t u a l  am ount
ft
of c u l l i n g  on f i r s t  l a c t a t i o n  c a n , in  f a c t ,  b e  c a lc u la t ie d  
by  com paring  t h e  f i r s t  l a c t a t i o n  y ie ld  o f  cows t h a t  
a l s o  have a  se co n d  l a c t a t i o n ,  w i th  th e  a v e ra g e  f i r s t  
l a c t a t i o n  y i e l d  f o r  th e  w hole g ro u p . The r e s u l t s  o b ta in ­
ed fro m  t h i s  c a l c u l a t i o n  a r e  p r e s e n te d  in  th e  se co n d  
colum n o f th e  same t a b l e .  As R endel and  R o b e r ts o n  (194&) 
h av e  p o in te d  o u t in  t h e i r  p a p e r  on th e  e s t im a t io n  o f 
g e n e t ic  g a in  i n  a  c lo s e d  h e rd  o f d a i r y  c a t t l e ,  11 th e  
la c k  o f  c o rre s p o n d e n c e  b e tw een  th e  tw o colum ns ( th e  
second  and  t h i r d  colum ns in  t h i s  c a s e )  i s  a  r e f l e c t i o n
I o f th e  d e g re e  t o  w h ic h  p a re n th o o d  was in d e p e n d e n t o f 
c u l l i n g . ” I f  a l l  th e  c u l l i n g  h ad  ta k e n  p la c e  on th e  
! f i r s t  l a c t a t i o n  and  none o f  th e  c u l l e d  s to c k  l e f t  an y  
I p ro g en y  in  th e  h e r d s ,  th e n  i t  i s  e v id e n t  t h a t  th e
! f i g u r e s  i n  th e  t h i r d  colum n w ould be one q u a r t e r  o f  thoise
I m t h i s  ;
I in  t h e  s e c o n d . The f a c t  th a t /w a s  n o t s o  i n  th e  p re s e n t;i
d a ta  shows t h a t  th e  g e n e t i c  s u p e r i o r i t y  o f th e  cows 
c h o se n  to  b e  p a r e n t s  o f th e  n e x t  g e n e r a t io n  o f fe m a le s ,;  
s h o u ld  b e  c a l c u l a t e d  on th e  b a s i s  o f  a l l  a v a i l a b l e  
r e c o r d s .  T h is  i s  g iv e n  by  th e  f o l lo w in g  fo rm u la  a r r i v e d  
a t  by  R e n d e l and  R o b e r ts o n  (1 9 4 9 ) : -
j  "cc s 1 < V  5)
i 2 >| w here I  i s  t h e  g e n e t i c  s u p e r i o r i t y ,  h ^  i s  h e r i t a b i l i t j y
i !
b a sed  on 1 l a c t a t i o n s ,  f  i s  th e  mean o f  th e  f i r s t  !
l a c t a t i o n s  o f th e  w hole  g ro u p , Y-̂  i s  th e  mean o f  th e
l a c t a t i o n s  ( c o r r e c te d  to  f i r s t  l a c t a t i o n )  and  n  th e  
number o f d a u g h te r s ,  f o r  e a c h  cow. The f i g u r e s  o b t a i n -
; i
led  by  t h i s  p ro c e s s  a r e  shown i n  th e  f o u r t h  column o f  [
j T ab le  35 and  g iv e  a  t o t a l  o f  2 5 .4  g a l l o n s .
| D ic k e rso n  and H aze l (1944) have  p o in te d  o u t ,
h ow ever, t h a t  t h e  b e s t  c r i t e r i o n  o f  th e  e f f i c i e n c y  o f  
any b r e e d in g  programme i s  th e  g e n e t ic  im provem ent p e r
i
y e a r  r a t h e r  th a n  p e r  g e n e r a t i o n .  T h e r e f o r e ,  t h e  v a lu e  j
j
of 2 5 .4  o b ta in e d  a b o v e , m ust be d iv id e d  by  th e  t o t a l  |
g e n e r a t io n  l e n g th  i n  o rd e r  t o  o b ta in  th e  a n n u a l improve!- 
m en t. I t  h as  b een  shown by  R endel a n d  R o b e r ts o n  (1949)! 
t h a t  th e  t o t a l  g e n e r a t io n  l e n g th ,  2-L, f o r  d a i r y  c a t t l e  
can be c a l c u l a t e d  a s  th e  sum o f  th e  f o u r  com ponents 
I»c c , Lq b , LgQ an d  Lgg, w here 1 ^  i s  t h e  mean a g e  o f  th e
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dams when th e  h e i f e r  c a lv e s  a r e  b o r n ,  i s  th e  mean 
age o f  th e  dams when th e  b u l l  c a lv e s  a r e  b o r n ,  and  so  
on . The g e n e r a t io n  le n g th s  f o r  th e  12 h e rd s  o f d a i r y  
c a t t l e  u se d  i n  th e  p r e s e n t  s tu d y  w ere found  t o  be a s  
fo l lo w s
Lcc * 63 m onths j
Lqb * 78 months
Lqq * 46 months
Lqq ■ 47 months
± L  * 1 9 .5  y e a rs
T h e r e fo r e ,  th e  g e n e t ic  im provem ent p e r  y e a r  th ro u g h  th e
s e l e c t i o n  o f  dams o f cows i s  g iv e n  by  ■ •  1.5
& J 1 9 .5
g a l lo n s  • S in c e  th e  a v e ra g e  y i e l d  p e r  cow in  th e  w hole 
p o p u la t io n  s tu d ie d  was a ro u n d  1000 g a l l o n s ,  t h i s  means 
a r a t e  o f g e n e t i c  im provem ent o f 0 .1 3  p e r  c e n t ,  p e r  yea^*.
The r a t e  o f im provem ent c a l c u l a t e d  above was j
due to  t h e  s e l e c t i o n  o f  dams o f  cow s. The same m ethod j
i
c o u ld  be a p p l i e d  t o  d e te rm in e  th e  im provem ent a c h ie v e d  j 
th ro u g h  th e  s e l e c t i o n  o f dams o f  b u l l s  a s  w e l l .  The 
sum o f  t h e s e  two r e s u l t s  w ould g iv e  th e  t o t a l  im p ro v e - 1
ment a c h ie v e d  by  s e l e c t i o n  i n  th e  12 h e r d s ,  s in c e  no j 
s e l e c t i o n  i s  p r a c t i s e d  on th e  m ale  s id e  (u n le s s  progenyi- 
t e s t i n g  i s  a d o p te d ) . H ow ever, w i th  th e  p r e s e n t  d a t a ,  , 
i t  was n o t p o s s ib l e  to  c a l c u l a t e  th e  im provem ent due to j
i
th e  s e l e c t i o n  o f dams of b u l l s ,  b ecau se  m ost o f t h e  
s i r e s  u se d  w ere  b o u g h t i n  fro m  o th e r  h e r d s ,  and t h e  d a t£  
r e l a t i n g  t o  th e s e  h e rd s  w ere  n o t a v a i l a b l e  f o r  s tu d y .
A d e t a i l e d  a n a ly s i s  h a s  been  made o f  th e  g e n e t ic  
im provem ent a t t a i n e d  th ro u g h  th e  s e l e c t i o n  of dams o f  j
i 84i
I
cows i n  e a c h  o f  th e  12 h e r d s ,  and th e  r e s u l t s  a r e  p r e ­
s e n te d  i n  A ppendix  T a b le s  6 and  7 •  They a r e  s e l f -  
|e x p la n a to r y .  The f i n a l  f i g u r e s  f o r  th e  im provem ent p e r  
|y e a r  w e re , ho w ev er, fo und  t o  b e  a  l i t t l e  s m a l le r  th a n  
jth e  a c t u a l  v a lu e s  p r e s e n te d  i n  A ppendix  T a b le  7 ,  when |
|a llo w a n c e  was made f o r  th e  f a c t  t h a t  some b re e d in g  stoc^c 
I :
was o c c a s io n a l ly  b o u g h t £n to  th e  h e rd s  fro m  o u t s i d e .  j
In  f a c t ,  a n  o v e r a l l  v a lu e  o f 0 .1 1  to  0 .1 2  was o b ta in e d  !
f o r  th e  e f f e c t i v e  g e n e t ic  im provem ent by  m u l t ip ly in g  j
th e  c a l c u l a t e d  v a lu e s  by  th e  p r o p o r t io n  o f  hom e-bred  j
!
h e i f e r s .  i
T hese  r e s u l t s  f o r  A y rs h ire  c a t t l e  show f a i r
i  |
j  |
a g re e m e n t w i th  th o s e  o b ta in e d  b y  R en d e l a n d  R o b e r ts o n  j
f o r  K e rry  ( p r i v a t e  co m m u n ica tio n ). I t  w ould a p p e a r  fro ta
! ! 
j th i s  t h a t  t h e  a c t u a l  Im provem ent a t t a i n e d  in  m ost h e rd s  j
I ■ i
!th ro u g h  th e  s e l e c t i o n  of dams o f cows i s ,  on t h e  a v e r a g e ,  
o n ly  a b o u t one g a l l o n  i n  a  th o u s a n d  g a l lo n s  p e r  y e a r .  
C om parison o f t h i s  f i g u r e  w i th  th e  t h e o r e t i c a l  e s t im a te s  
made by  R en d e l and R o b e r tso n  of th e  maximum p o s s ib l e  
im provem ent by  t h i s  m ethod , show s t h a t  o n ly  one h a l f  o f  
|th e  p o s s ib l e  im provem ent was a t t a i n e d  by  th e s e  h e r d s .
The f a c t  t h a t  i n  c e r t a i n  h e rd s ,  i . e .  H erds B an d  C,
v a lu e s  of th e  o rd e r  0 .2 2  and 0 .2 7  w ere o b ta in e d  c o u ld  bo
i
a t t r i b u t e d  c h i e f l y  t o  sa m p lin g  e r r o r s  a r i s i n g  fro m  a  j
!
skew ness i n  t h e  p o p u la t i o n .
T h ere  a r e  many re a s o n s  why th e  r a t e  o f im prove­
ment a c t u a l l y  a t t a i n e d  i n  m ost h e rd s  i s  o n ly  a b o u t one 
h a l f  o f  th e  maximum p o s s ib le  v a lu e .  In  th e  f i r s t  p l a c e it 
a l l  t h e  s e l e c t i o n  i s  n o t  d i r e c t e d  to w a rd s  m ilk  y i e l d
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o n ly ; th e r e  may be s e l e c t i o n  f o r  o t h e r  c h a r a c t e r i s t i e d  
su c h  as  ty p e  and c o n fo rm a tio n , and t h i s  would te n d  t o  
low er th e  s e l e c t i o n  d i f f e r e n t i a l  on y i e l d .  S e c o n d ly , 
th e r e  i s  th e  f a c t  t h a t  s e l e c t i o n  a s  p r a c t i s e d  i n  m ost !
i
h e r d s ,  i s  v e r y  o f t e n  in c o m p le te ,  in  t h a t  t h e  o f f s p r in g  
of cows w hich  a r e  th e m se lv e s  c u l l e d  f o r  low p r o d u c t io n
j
a r e  f r e q u e n t ly  in c o r p o r a te d  in to  th e  h e r d .  I n  co n - j 
s e q u e n c e , w h a t i s  e f f e c t i v e l y  a  c u l l  becomes p a r t  o f  t t j e  
b r e e d in g  s to c k  f o r  th e  n e x t g e n e r a t i o n .  T h e se , and  
num erous o th e r  f a c t o r s ,  show t h a t  th e  b re e d in g  o f  d a i r y  
c a t t l e  b y  m ass s e l e c t i o n  can  o n ly  be a  v e ry  slow  p ro c e s js ,
II
and th e  r e s u l t s  o b ta in e d  fro m  th e  p r e s e n t  s tu d y  o f  12 j 
le a d in g  h e rd s  o f  A y r s h ir e  c a t t l e  p ro v e  t h a t  i t  can n o t 
| be e x p e c te d  t o  b r in g  v e ry  s a t i s f a c t o r y  r e s u l t s .
PART I I I
S tu d ie s  In  P e r s i s t e n c y  o f L a c ta t io n
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P a r t  I I I  
S tu d ie s  In  P e r s i s t e n c y  o f  l a c t a t i o n
1 .  M easures o f p e r s i s t e n c y  
P re v io u s  i n v e s t i g a t i o n s  i n to  th e  sh a p e  o f  t h e  l a c t a t i o n  
c u rv e  have  draw n c o n s id e r a b le  a t t e n t i o n  to  i t s  im p o r t-  : 
a n ce  i n  d a i r y  c a t t l e  b r e e d in g .  P a r  ex am p le , B o n n ie r 
(1935) adduced  e v id e n c e  w h ich  p o in te d  t o  th e  c o n c lu s io n  
t h a t  th e  sh ap e  o f  t h e  l a c t a t i o n  c u rv e  i s  ttc o n s t i t u t i o n ­
a l l y  de te rm ined*1, and h e  e m p h asised  th e  n e c e s s i t y  o f 
" s e r i o u s l y  s tu d y in g  th e  q u e s t io n  as  t o t h e  p o s s ib le  
h e r e d i t a r y  n a tu r e  o f  th e  sh a p e  o f  th e  l a c t a t i o n  c u rv e . n \ 
O th e r  i n v e s t i g a t o r s ,  n o ta b ly  G a in es  (1 927 , 1 9 3 1 ) , Gooch; 
(1 9 3 5 ) , S ik k a  (1940) an d  Jo h a n sso n  and  H ansson  (1940) 
have  p ro b ed  f u r t h e r  i n t o  t h i s  p ro b lem , an d  a l th o u g h  j 
t h e i r  r e s u l t s  a r e  n o t  i n  c o n p le te  a g re e m e n t, m ost o f  
them  show t h a t  th e  sh a p e  o f  th e  l a c t a t i o n  c u rv e  e x e r t s  
a  f a i r  m easu re  o f  in f lu e n c e  on t h e  t o t a l  l a c t a t i o n  y i e l d .
The p r e s e n t  i n v e s t i g a t i o n  on p e r s i s t e n c y  o f  l a c t a t i o n  |
|
was u n d e r ta k e n  in  o rd e r  t o  o b ta in  f u r t h e r  in f o  m a t  io n  j
i
on t h i s  s u b j e c t .  |
P a r t  o f th e  v a r i a t i o n  in  r e s u l t s  o b ta in e d  by  j
j
p re v io u s  i n v e s t i g a t o r s  c o u ld  b e  a t t r i b u t e d  to  d i f f e r e n c e s  
in  t h e  te c h n iq u e s  em ployed to  a n a ly s e  th e  shape  o f th e
j
l a c t a t i o n  c u r v e .  An a t te m p t  was t h e r e f o r e  made a t  t h e  i 
commencement o f t h i s  i n v e s t i g a t i o n  t o  a p p ly  some o f
I
th e s e  m ethods t o  t h e  p r e s e n t  d a t a  and  d e te rm in e  th e  ! 
n a tu re  o f th e  r e s u l t s  o b ta in e d .  The f i r s t  m ethod j
em ployed c o n s i s t e d  o f  f i n d in g  a m a th e m a tic a l  i n t e r p r e -  | 
t a t i o n  t o  th e  shape  o f  t h e  l a c t a t i o n  c u rv e .  I t  may be j
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n o te d  In  t h i s  c o n n e c tio n  t h a t  G a in es (1927 , 1931) and  
Gooch (1 9 3 5 ) f i t t e d  e x p o n e n t ia l  c u rv es  to  m ilk  y i e l d  
d a t a ,  w h i le  S ik k a  (1940) w orked  w i th  p a r a b o l ic  exponen­
t i a l  c u rv e s  a s  w e l l .  In  th e  p r e s e n t  i n s t a n c e ,  th e  s e a r c h
f o r  a  r e p r e s e n t a t i v e  m a th e m a tic a l c u rv e  was e x te n d e d  t o  
! . i
! c o v e r  i n  a d d i t i o n  o r th o g o n a l  p o ly n o m ia l r e g r e s s io n
I :
| c u rv e s  o f  h ig h e r  d e g r e e s .  The K i r k h i l l  h e rd  b e lo n g in g  
j t o  t h e  Hannah I n s t i t u t e  was u se d  f o r  t h i s  p u rp o s e ,  an d
|  i
| in  o rd e r  t o  e n s u re  g r e a t e s t  a c c u ra c y ,  b o th  m o n th ly  and  j  
| w eek ly  r e c o rd s  o f  cows w ere  s t u d i e d .  But th e  v a ry in g  j 
| r e s u l t s  t h a t  w ere  f i n a l l y  o b ta in e d  showed t h a t  th e s e  
j  a t te m p ts  w ere  b e s e t  w ith  num erous p i t f a l l s  and  w ould  
h a r d ly  com pensate  f o r  a l l  t h e  w ork . F o r  ex am p le , i t  j 
was fo u n d  In  some c a se s  t h a t  th e  t h i r d  and f o u r t h  d e g re e  
te rm s b ro u g h t  h ig h ly  s i g n i f i c a n t  r e d u c t io n s  i n  th e  
e r r o r s  o f  e s t im a t e ,  w h ile  i n  o th e r s  th e y  w ere n o t j
; s i g n i f i c a n t  a t  a l l .  T h is  m eant t h a t  th e  cows i n  th e  j
l  j
I p r e s e n t  s tu d y  w ould h av e  t o  b e  c l a s s i f i e d  i n t o  d i f f e r e n t  
|  i
j  groups on th e  b a s i s  o f  th e  b e s t - f i t  t i n g  o r th o g o n a l  !
1 I
I p o ly n o m ia l,  a n d  t h i s  in  t u r n  would have  le d  t o  t h e  j! I
l  i
!h ig h ly  q u e s t io n a b le  p o s i t i o n  o f  m aking b e tw e e n -g ro u p
I |
! co m p ariso n s o f  t h i s  ty p e .  T h is  was o b v io u s ly  v e ry  u n -  j
s a t i s f a c t o r y ,  an d  t h e r e f o r e  th e  f i t t i n g  o f  o r th o g o n a l  j
jp o ly n o m ia l r e g r e s s io n  c u rv e s  was ab an d o n ed .
! A m easu re  b a sed  on t h e  l i n e a r  r e g r e s s i o n  o f
I '
y i e l d  on tim e  was th e n  t e s t e d  a s  a  means o f  d e s c r i b i n g  i
th e  shape  o f  th e  l a c t a t i o n  c u rv e .  T h is m easure  was
a l s o  u se d  by  B o n n ie r  (1935) and K ro n ach er e t  a l . (1 9 3 6 )|
w i th  s l i g h t  d i f f e r e n c e s  in  d e t a i l ,  b u t  th e y  o b ta in e d  j
r a t h e r  u n s a t i s f a c t o r y  r e s u l t s ,  p ro b a b ly  on a c c o u n t o f  
th e  f a c t  t h a t  t h e  tim e  o f  maximum y i e l d  and  th e  
commencement o f d r y i n g - o f f ,  be tw een  w hich  p e r io d s  th e y ; 
j m easu red  th e  r e g r e s s i o n ,  v a r ie d  n a t u r a l l y  fro m  one cow;
| t o  a n o th e r .  In  th e  p r e s e n t  s tu d y ,  th e  l e n g th  o f  tim e  |
| |
| was f i x e d  a s  th e  p e r io d  b e tw een  th e  3 0 th  and 3 0 0 th  d a y ]
i  I
| and  th e  r e s u l t s  w ere th e n  more c o n s i s t e n t .  N e v e r th e le s s ,
I  ;
J  t h i s  m ethod was n o t  a d o p te d  f o r  th e  r e s t  o f  th e  s tu d y ,  
j b e c a u se  i t  was fo u n d  t h a t  th e  sh ap e  o f  i n d iv id u a l
Ij  !
j l a c t a t i o n  c u rv e s  was f a r  to o  v a r i a b l e  t o  b e  rep re se n te c j. 
j  by an y  r i g i d  m a th e m a tic a l  c u rv e .
! M oreover, an y  a t te m p t  t o  m easure  th e  shape o f
th e  l a c t a t i o n  c u rv e  sh o u ld  ta k e  i n t o  c o n s id e r a t io n  th e  i
i
two segm ents t h a t  a r e  t y p i c a l l y  c h a r a c t e r i s t i c  of i t  -
I
t h e  r i s i n g  segm ent and  th e  d e c l in i n g  se g m e n t. The ! 
j r i s i n g  segm en t i s  t h a t  p h ase  o f  p ro d u c tio n  fo l lo w in g  j 
| p a r t u r i t i o n ,  d u r in g  w h ich  th e  m ilk  y i e l d  o f  a  cow 
| i n c r e a s e s .  I n d iv id u a l  cows d i f f e r  c o n s id e r a b ly  in  
[ r e g a rd  to  th e  p e r io d  f o r  w h ich  t h i s  r i s e  l a s t s ;  some
I  j
show a  r i s e  f o r  on ly  a  few  d ay s  a f t e r  c a l v in g ,  b u t  i n
| o th e r s  th e  in c r e a s in g  p h ase  in  p ro d u c t io n  l a s t s  f o r
j
| s e v e r a l  w e e k s . On t h e  a v e ra g e  h o w ev er, a lm o s t  a l l  cows
j ;
I r e a c h  t h e i r  p e a k  w i th in  th e  f i r s t  t e n  w eeks o f c a lv in g ^
T h e r e a f t e r ,  th e  r a t e  o f  s e c r e t i o n  b e g in s  to  d e c l in e ,  j
and h e re  a g a in  i n d iv i d u a l  cows d i f f e r  c o n s id e r a b ly .  j
Some d e c l in e  i n  y i e l d  v e ry  r a p i d l y  a f t e r  th e  p e r io d  o f  j
;
peak  p r o d u c t io n ,  w h i le  o th e r s  more o r l e s s  m a in ta in  j 
t h e i r  i n i t i a l  l e v e l  o f p ro d u c t io n  over a  c o n s id e r a b le  j
ii
p e r io d ,  and  show l i t t l e  o r no d e c l i n e .  The fo rm e r a r e  j
te rm ed  n o n - p e r s i s t e n t , an d  th e  l a t t e r ,  p e rs  i s  t e n t  cows. 
P e r s i s t e n c y  t h e r e f o r e  i s  a  m easu re  o f  th e  sh ap e  o f  th e  
l a c t a t i o n  c u rv e ,  and  i t  d e te rm in e s  th e  d e g re e  t o  w h ich  
: th e  m ilk  y i e l d  in  e a r l y  l a c t a t i o n  i s  m a in ta in e d  by  a
I  i
l cow d u r in g  th e  r e s t  o f  h e r  l a c t a t i o n .  A n u m e ric a l
i S
! e x p r e s s io n  o f  p e r s i s t e n c y  can th e r e f o r e  be o b ta in e d  by!
j  f
j com paring  th e  y i e l d  a f t e r  th e  p e r io d  o f p eak  p ro d u c t io n  
! w i th  th e  i n i t i a l  y i e l d .  Such a  f i g u r e  has b e en  u se d  1I :
| th ro u g h o u t  th e  p r e s e n t  i n v e s t i g a t i o n ,  and i s  g iv e n  by ;
| th e  fo rm u la  I
t ;
P e r s i s t e n c y  * -A ^ . ,
I w here  A i s  th e  y i e ld  d u r in g  th e  f i r s t  180 days and B ! 
i s  th e  y i e l d  d u r in g  th e  f i r s t  10 w e e k s . j
: i
The c o n ce p t u n d e r ly in g  t h i s  n u m e r ic a l  m easure j  
| o f  p e r s i s t e n c y  i s  i n  e s s e n c e ,  th e  same a s  th e  ,!s h a p e -  
f i g u r e "  u se d  n o ta b ly  by  Jo h a n sso n  and  H ansson  (1940) 
and a l s o  by  o th e r  i n v e s t i g a t o r s .  Jo h a n sso n  and H ansson  
s p l i t  up th e  l a c t a t i o n  p e r io d  o f  e a c h  cow i n t o  100-day  
p e r io d s ,  and u se d  th e  r a t i o s  b e tw een  th e  b u t t e r f a t  
y i e ld s  in  th e  d i f f e r e n t  p e r io d s  a s  m easu res o f p e r s i s ­
t e n c y .  The c h ie f  d raw back  to  t h e i r  m ethod i s  t h a t  th e  
f i r s t  1 0 0 -d ay  p e r io d  w h ich  i s  ta k e n  to  r e p r e s e n t  th e  
tim e  o f  maximum p h y s io lo g ic a l  a c t i v i t y  o f th e  cow, 
in c lu d e s  a  c o n s id e r a b le  p o r t io n  o f the  d e c l i n i n g  s e g ­
ment o f  th e  l a c t a t i o n  c u rv e ;  a n d  t h e r e f o r e  i t  d oes n o t 
p ro v id e  a  s u f f i c i e n t l y  s e n s i t i v e  m easure o f  p e r s i s t e n c y  
when i t  i s  com pared w i th  t h e  seco n d  1 0 0 -d ay  p e r i o d .  
Among l a t e r  w o rk e r s ,  Ludw ick and  P e te r s e n  (1943) h ave  |
e v o lv e d  a fo rm u la  f o r  p e r s i s t e n c y  w h ich  i s  b a s e d  on 
j  wa sum m ation o f  th e  r a t i o s  o b ta in e d  by  com paring  
| p ro d u c t io n  in  e ac h  o f  a  num ber o f  s u b d iv is io n s  o f  th e
ii
j  l a c t a t i o n  p e r io d  w i t h  th e  p re c e d in g  o n e . n B u t, i n  
; t h e i r  c o m p u ta tio n s  th e y  h av e  o m itte d  th e  y i e l d  d u r in g  
th e  f i r s t  se v en  weeks o f  p ro d u c t io n  -  a  s t e p  f o r  w h ic h  
t h e r e  i s  l i t t l e  j u s t i f i c a t i o n  i n  th e  l i g h t  o f p r e s e n t -  
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2• R e la t io n s h ip  b e tw een  p e r s i s t e n c y  
and  y i e ld
The a v e ra g e  v a lu e s  o f  p e r s i s t e n c y  d u r in g  th e  y e a rs  
1930 to  1938 f o r  e a c h  o f th e  12 h e rd s  s t u d i e d ,  a r e
i
sum m arised  i n  A ppendix  T ab le  8 .  C om parison o f t h e s e  
! f i g u r e s  w i th  th e  c o r re s p o n d in g  ones f o r  i n i t i a l  and  
| 180 day  m ilk  y ie ld s  (A ppendix T a b le s  1 and 2 ) ,  show s 1 
t h a t  i n  some h e r d s ,  a  c o m b in a tio n  of h ig h  p e r s i s t e n c y  j 
and  h ig h  i n i t i a l  and  180 d ay  m ilk  y ie ld s  was a c h ie v e d  !
i
| t o  a  f a i r  e x t e n t ;  i n  o t h e r s ,  o n ly  one o r  two o f th e s e  
| t h r e e  c h a r a c t e r i s t i c s  seem  t o  h ave  b e e n  in c o r p o r a te d  to  
; an y  g r e a t  d e g r e e .  A s tu d y  o f  th e  i n t e r - r e l a t i o n s h i p s  
I o f th e s e  t h r e e  v a r i a b l e s  i n  m ilk  p ro d u c t io n  was t h e r e -  |
f o r e  u n d e r ta k e n  in  o r d e r  t o  d e te rm in e  how f a r  th e y  a r e  !
i
c o m p a tib le  w i th  e ac h  o t h e r .
F o r t h i s  p u rp o se  th e  second  a n d  t h i r d  l a c t a t i o n
i
1 f i g u r e s  o f  588 cows fro m  th e  12 h e rd s  w ere  em p loyed ,
i
and a l l  t h e  p o s s ib le  c o r r e l a t i o n s  among th e  v a r i a b l e s  
w ere  c a l c u l a t e d  ( F i g s .  1 4 , 15 and  1 6 ) . T he c o r r e l a t i o n  
be tw een  th e  180 d a y  m ilk  y i e l d  and p e r s i s t e n c y  o f  th e  
seco n d  l a c t a t i o n  was fo u n d  t o  b e  0*212 , and th e  
c o r re s p o n d in g  c o e f f i c i e n t  f o r  th e  t h i r d  l a c t a t i o n  was
0 .2 1 4 . The r e g r e s s io n  o f th e  180 d a y  m ilk  y i e l d  on 
p e r s i s t e n c y  was 1219*0 and 1221*6 f o r  th e  seco n d  and  
t h i r d  l a c t a t i o n s  r e s p e c t i v e l y .  P e r s i s t e n c y  t h e r e f o r e  
c o n t r ib u te s  to  a  h ig h  t o t a l  y i e l d  (a s  m easured  b y  t h e  
180 day  p e r i o d ) .  H ow ever, th e  l a t t e r  seem s t o  be more 
c lo s e ly  c o r r e l a t e d  w i th  i n i t i a l  y i e l d  th a n  w i th  p e r  s i s - 
te n c y  -  th e  c o r r e l a t i o n s  b e tw een  i n i t i a l  and  180 d a y  
y i e ld s  b e in g  0 .8 3 9  an d  0 .8 3 6  f o r  th e  se co n d  and  t h i r d
l a c t a t i o n s  r e s p e c t i v e l y .
W hile  th e  a b o v e -m e n tio n e d  c o r r e l a t i o n s  w ere  a l l  
p o s i t i v e ,  i t  was fo u n d  t h a t  th e  c o r r e l a t i o n s  b e tw ee n  
p e r s i s t e n c y  and  i n i t i a l  y i e l d  w ere n e g a t iv e .  The 
o b se rv e d  c o r r e l a t i o n s  f o r  th e s e  two c h a r a c t e r i s t i c s  w arp  
o f th e  o rd e r  -0 .2 5 9  and -0 .2 6 5  r e s p e c t i v e l y  f o r  th e
i :
jsecond and  t h i r d  l a c t a t i o n s .  H ow ever, in  i n t e r p r e t i n g
i  I
t h e s e  c o r r e l a t i o n s  i t  sh o u ld  b e  rem em bered t h a t  th e y
I
^ r e  a l l  compound v a lu e s  d e r iv e d  by  lum ping  t o g e t h e r  th e ;
!  j
r e c o rd s  o f  cows b e lo n g in g  t o  12 d i f f e r e n t  h e r d s .  I n  |
o rd e r  t o  e lu c id a t e  th e  t r u e  r e l a t i o n s h i p  b e tw een  cows 
lit  i s  t h e r e f o r e  n e c e s s a r y  to  d e te rm in e  s e p a r a t e l y  t h e  
c o n t r i b u t i o n  o f  th e  d i f f e r e n t  com ponents -  w be tw een  
h e r d s ” , ffb e tw een  cows w i th in  h e r d s ” and  ”w i th in  cow s” -  ! 
t o  th e  t o t a l  c o r r e l a t i o n .  The d e s i r a b i l i t y  of o b ta in in g  
buch in fo rm a tio n  i s  im p o r ta n t  p a r t i c u l a r l y  in  r e g a r d  t o  
t h e  r e l a t i o n s h i p  b e tw ee n  p e r s i s t e n c y  and  i n i t i a l  y i e l d ,
b e c a u se  i f  t h e  p e r s i s t e n c y  and i n i t i a l  y i e l d  o f  d i f f e r e n t
i
bows a r e  fo u n d  t o  b e  t r u l y  n e g a t iv e ly  c o r r e l a t e d ,  i t  w i^ l  
phow t h a t  i t  w ou ld  b e  d i f f i c u l t  t o  combine in  one and 
th e  same cow th e  tw o d e s i r a b l e  c h a r a c t e r i s t i c s ,  h ig h  
p e r s i s t e n c y  and  h ig h  i n i t i a l  y i e l d .
I t  may b e  n o te d  in  t h i s  c o n n e c tio n  t h a t  m ost 
s tu d ie s  i n  t h e  p a s t  (G a ines 1927 , S a n d e rs  1930 and Gooch 
1935) h av e  n o t  ta k e n  t h i s  i n to  a c c o u n t .  S ik k a  (1 9 4 0 ) 
seems t o  b e  t h e  o n ly  a u th o r  who h as  p a id  some a t t e n t i o n  
Jo t h i s  p ro b le m , b u t  he h a s  n o t  c o n s id e r e d  f u l l y  th e  
d i f f i c u l t i e s  o f a p p l i c a t i o n  o f  th e  a n a ly s i s  o f  v a r ia n c e  
and c o v a r ia n c e  t o  b in o m ia l  d a t a .
93
The r e s u l t s  o f th e  p r e s e n t  s tu d y  b a se d  on th e  
t h i r d ,  f o u r t h  and f i f t h  l a c t a t i o n  r e c o rd s  o f  263 cows 
fro m  12 h e rd s  a r e  d e t a i l e d  b e lo w .
( a )  R e la t i o n s h ip  b e tw een  p e r s i s t e n c y  and i n i t i a l  y i e l d
The t o t a l  c o r r e l a t i o n  b e tw een  th e  p e r s i s t e n c y  and  i n i ­
t i a l  y i e l d  o f t h e  789 l a c t a t i o n s  fro m  t h i s  d a ta  a s  
shown i n  T a b le  3 6 , was -0 .2 0 2  + 0 .0 3 4 . T h is  means t h a t  
t h e r e  was a  s i g n i f i c a n t  n e g a t iv e  r e l a t i o n s h i p  b e tw een  j
th e s e  two v a r i a t e s  when th e  d a ta  w ere  ta k e n  a s  a  w hole^
T a b le  36 j
C o v a r ia t io n  b e tw een  p e r s i s t e n c y  and  i n i t i a l
m ilk  y ie ld  * I
S o u rce d . f .
V a r ia n c e
P e rs  i s  -  
te n c y
T n T tia T
y i e l d
Covar­
ia n c e
C o r r e la t io n
c o e f f i c i e n t
T o ta l
Betw een
h e rd s
B etw een 
cows 
w i th in  








0 .0 0 3 4
0.0101
0 .0 2 3 9
3 5 3 ,5 7 8 .9 5
6 6 ,7 5 8 .5 1
1 2 1 ,7 9 0 .8 8
1 6 5 ,0 2 9 .5 6
-2 3 .2 5 8
-  6 .3 1 5
+ 8 .1 7 5
-2 5 .1 1 8
-0 .2 0 2 + 0 .0 3 4
-0 .4 1 9 + 0 .2 4 8
+ 0 .2 3 3 + 0 .0 6 0
-0 .4 0 0 + 0 .0 3 7
* C f . H a z e l, B ak er and  R e in m il le r  (1943) f o r  th e  m eth 
em ployed t o  p a r t i t i o n  th e  v a r ia n c e  and  c o v a r ia n c e .
^  The s ta n d a r d  e r r o r s  o f  th e  f i r s t  t h r e e  c o r r e l a t i o n  
c o e f f i c i e n t s  a r e  s l i g h t l y  u n d e re s t im a te d  by  t h i s  m ethc
od
d
o f a n a l y s i s .
A f te r  e l im in a t io n  o f  th e  d i f f e r e n c e s  b e tw een
h e rd s  t h i s  c o r r e l a t i o n  was s p l i t  up  i n t o  a c o r r e l a t i o n
betw een  cows i n  t h e  same h e r d ,  r  « + 0 .2 3 3 , and
a n o th e r  ttw i th in  cows” , r  = - 0 .4 0 0 .  The b e tw een  herdjs
v a lu e  was - 0 .4 1 9 .  T h is  c o r r e l a t i o n  b a se d  on 11 d e g re e
Table 37
C o v a ria tio n  between p e rs is te n c y  and 180 day m ilk  y ie ld *8.
S o u rc e d . f .
V a ria n c e C ovar­
ia n c e
C o r r e la t io n  
c o e f f i c i e n t  /P e r s i s ­
te n c y
180 day  
y i e l d
T o ta l
Betw een h e rd s
Betw een cows 
w i th in  h e rd s





0 .0 3 7 4
0*0034
0 .0 1 0 1
0 .0 2 3 9
1 ,8 0 6 ,6 7 0 .7 3
2 7 7 ,9 3 6 .2 2
8 2 4 ,5 8 0 .8 9
7 0 4 ,1 5 3 .6 2
+ 62 .610  




-0 .1 1 6 + 0 .2 9 7
+0.533+ 0.045  
+0 .135+0.043
* Cf • H a z e l ,  B aker and  R e in m il le r  (1943 ) f o r  th e  
m ethod em ployed t o  p a r t i t i o n  th e  v a r ia n c e  and c o v a r ia n c e .
/
The s ta n d a r d  e r r o r s  o f t h e  f i r s t  t h r e e  c o r r e l a t i o n  
c o e f f i c i e n t s  a r e  s l i g h t l y  u n d e re s t im a te d  by  t h i s  m ethod 
o f a n a ly s  i s .
94
i o f  free d o m  was n o t s i g n i f i c a n t ,  and  i t  t h e r e f o r e  s u g g e s ts  
I t h a t  b e tw een  h e rd s  th e  p e r s i s t e n c y  was in d e p e n d e n t o f  
I th e  i n i t i a l  y i e l d .  The c o r r e l a t i o n  b e tw een  cows w i th in  
; h e r d s ,  how ever, was p o s i t i v e  and h ig h ly  s i g n i f i c a n t ,
j
| w h ile  th e  in tr a - c o w  c o r r e l a t i o n  a l s o  a t t a i n e d  a  h ig h ly  
I :
| s i g n i f i c a n t  v a lu e  b u t  was n e g a t iv e .  T h is  means t h a t  j
| th e  p e r s i s t e n c y  of d i f f e r e n t  cows was r e a l l y  p o s i t i v e l ^
c o r r e l a t e d  w ith  t h e i r  i n i t i a l  l e v e l s  o f p r o d u c t io n ,  and
th e  n e g a t iv e  r e l a t i o n s h i p  b e tw een  p e r s i s t e n c y  and i n i t i a l
y i e l d  o b se rv e d  in  th e  t o t a l  d a ta  was a c t u a l l y  due t o  th e
p ronounced  ww i th in  cow sw e f f e c t .  I t  s h o u ld  t h e r e f o r e
b e  q u i te  f e a s i b l e  t o  com bine in  any  one cow th e  two
d e s i r a b l e  c h a r a c t e r i s t i c s ,  h ig h  p e r s i s t e n c y  and  h ig h
| I n i t i a l  y i e l d .  B ut th e  c a p a c i ty  o f  any  one cow f o r
| e ac h  o f  t h e s e  q u a l i t i e s  would a p p e a r  t o  be  f ix e d  f o r
! I
j l i f e ,  so  t h a t  i f  th e  i n i t i a l  y i e l d  r i s e s  above h e r  o p tjl-
| mum l e v e l ,  t h e  p e r s i s t e n c y  i s  d im in is h e d  and  v ic e  v e rs ja .
|
T h ese  r e s u l t s  s u g g e s t  t h a t  th e  n e g a t iv e  c o r r e l j -  
a t i o n s  b e tw een  maximum y ie ld  and p e r s i s t e n c y  r e p o r t e d  jay
j
G ain es  (1 9 2 7 ) , S a n d e rs  (1930) and Gooch (1935) w ere  j
r e a l l y  due t o  th e  c o n t r i b u t i o n  o f th e  " w i th in  cows*
com ponen t.
(b ) R e la t io n s h ip  b e tw e e n  p e r s i s t e n c y  and 180 day  y ie ld j
I t  w i l l  b e  o b se rv e d  fro m  T a b le  37 t h a t  a l l  th e  c o r r e l - j
II
a t  io n s  e x c e p t t h a t  "b e tw een  h e r d s ,f w ere h ig h ly  s i g n i f i ­
c a n t .  The c o r r e l a t i o n  b e tw een  cows was th e  h i g h e s t ,
i
w h ile  t h e  lo w e s t v a lu e  was o b ta in e d  w i th in  cow s. Thisj
low in t r a - c o w  c o r re la t io n  b e tw een  p e r s i s t e n c y  and 180 
d ay  y i e l d  c o u ld  be a t t r i b u t e d  t o  th e  n e g a t iv e  in tra -co jw
Table 38
C o v a ria tio n  between I n i t i a l  and 180 day m ilk  y ie ld s  *
S o u rce
V a r ia n c e C o v e rian ce C o r r e la t io n  JQ «X • I n i t i a l
y i e l d
180 day  
y i e ld
c o e f f i c i e n t  r
T o ta l 788 3 5 3 ,5 7 8 .9 5 1 ,8 0 6 ,6 7 0 .7 3 + 7 1 7 ,8 0 8 .7 8 + 0 .898+ 0.007
B etw een
h e rd s 11 6 6 ,7 5 8 .5 1 2 7 7 ,9 3 6 .2 2 + 1 2 9 ,4 1 9 .8 9 + 0 .950+ 0 .029
B etw een
cows
w i t h in
h e rd s
251 1 2 1 ,7 9 0 .8 8 8 2 4 ,5 8 0 .8 9 + 2 9 9 ,8 7 7 .7 6 + 0 .946+ 0.007
W ith in
cows
526 1 6 5 ,0 2 9 .5 6 7 0 4 ,1 5 3 .6 2 + 2 8 8 ,5 1 1 .1 3 +0 .846+ 0 .012
*  C f • H a z e l ,  B ak er and R e in m i l le r  (1943) f o r  th e  method 
em ployed t o  p a r t i t i o n  th e  v a r ia n c e  and c o v a r i a n c e .
The s ta n d a r d  e r r o r s  of t h e  f i r s t  t h r e e  c o r r e l a t i o n  
c o e f f i c i e n t s  a r e  s l i g h t l y  u n d e re s t im a te d  by  t h i s  m ethod 
o f  a n a l y s i s .
95
c o r r e l a t i o n  b e tw ee n  p e r s i s t e n c y  an d  i n i t i a l  y i e l d  
r e p o r t e d  i n  th e  p re c e d in g  p a ra g ra p h .
T hese r e s u l t s  d i f f e r  from  th e  f i n d in g s  o f  
Gooch (1935) who o b se rv e d  no e v id e n c e  of any  c o r r e l a t i o n
i
b e tw ee n  p e r s i s t e n c y  a n d  t o t a l  y i e l d  ( r  = -0 .0 5 0  + 0 .0 ^ 6 )
They a g re e  ho w ev er, w i th  t h e  r e s u l t s  o f G a in es  (1 9 2 7 ) , ! 
S a n d e rs  (1930) and S ik k a  (1 9 4 0 ) , who o b ta in e d  s i g n i f i ­
c a n t  p o s i t i v e  c o r r e l a t i o n s  be tw een  p e r s i s t e n c y  and
s
t o t a l  y i e l d .
( c )  R e la t io n s h ip  b e tw een  i n i t i a l  y i e l d  and 180 day  y le jld
!
A ll  th e  c o r r e l a t i o n s  b e tw ee n  i n i t i a l  and 180 day  y ie ld s j  
p r e s e n te d  i n  T ab le  38 w ere p o s i t i v e  a n d  h ig h ly  s i g n i f i ­
c a n t ,  and in  e v e ry  c a se  t h e  c o e f f i c i e n t s  w ere  h ig h e r  
th a n  th e  c o r re s p o n d in g  v a lu e s  o b ta in e d  f o r  p e r s i s t e n c y  
and 180 day y i e l d .  T h is  shows once more t h a t  th e  t o t a l  
y i e l d  o f a  cow i s  more c lo s e ly  c o r r e l a t e d  w i th  I n i t i a l  
y i e l d  th a n  w i th  p e r s i s t e n c y .
T hese  c o n c lu s io n s  a re  i n  a c c o rd  w i th  th o s e  o f 
G a in es  (1 9 2 7 ) , S an d e rs  (1 9 3 0 ) , Gooch (1935 ) and  S ik k a  
(1 9 4 0 ) , who have a l l  r e p o r t e d  s i m i l a r  h ig h  c o r r e l a t i o n s  
b e tw een  th e s e  v a r i a t e s •
A l l  t h e  f o r e g o in g  a n a ly s e s  b e a r  o u t th e  c o n -  j
I
e lu s io n  t h a t  in c r e a s e d  t o t a l  m ilk  p ro d u c t io n  c a n  b e  j
a t t a i n e d  b y  b re e d in g  f o r  h ig h  i n i t i a l  m ilk  y i e l d  com- j
i
b in e d  w i th  h ig h  p e r s i s t e n c y .  B u t i t  s h o u ld  a l s o  b e  no t0 d
Ii
t h a t  th e s e  c h a r a c t e r i s t i c s  c an  b e  m o d if ie d  v e ry  !
c o n s id e r a b ly  by s u c h  e n v iro n m e n ta l  in f lu e n c e s  a s  f e e d in g  
and  m anagem ent, a s  shown by  th e  e x te n t  t o  w h ich  th e
c o e f f i c i e n t s  o f  i n t r a - c o w  c o r r e l a t i o n  i n  F i g s .  1 4 , 15 
an d  16 d e v ia te  fro m  u n i t y .  T h is  i s  p a r t i c u l a r l y  so  
f o r  p e r s i s t e n c y  w h ic h  shows th e  lo w est r e p e a t a b i l i t y .
T able 39
R e la t io n  betw een month of ca lv in g  and p e r s is te n c y
Month o f 1 s t l a c t a t i o n 2nd l a c t a t i o n M ature l a c ta l ;ions
c a lv in g N o .o f 
cows
P e rs  i s  - 
t e n c y
R e la ­
t i v e
v a lu e
No.of 
cows
P e r s i s ­
te n c y
R e la ­
t i v e
v a lu e
No. of 
cows
P e r s i s ­




Ja n u a ry 78 1 .3758 105 .2 108 1 .2 9 1 1 108 .6 261 1 .2795 103.9
F e b ru a ry 70 1 .4 3 4 3 1 0 9 .7 131 1 .2670 1 0 6 .5 460 1 .3 0 9 9 106.4
M arch 64 1 .3 6 4 1 1 0 4 .3 142 1 .2 3 2 3 10 3 .6 504 1 .2 6 4 0 102.6
A p r i l 75 1 .1 8 6 0 9 0 .7 72 1 .1 0 4 3 9 2 .8 285 1 .1522 93.6
May 58 1 .1 3 6 4 8 6 .9 47 0 .9 9 5 2 8 3 .7 139 1 .1045 89.7
June 56 1 .1 3 3 0 8 6 .6 32 0 .9 9 2 3 8 3 .4 63 1 .0543 85.6
J u l y 39 1 .1 8 6 2 9 0 .7 26 1 .1 3 6 3 95 .5 59 1 .1187 90.8
A ugust 62 1 .2583 9 6 .2 32 1 .1 3 1 8 9 5 .2 57 1 .1295 91.7
Septem ber 156 1 .3 2 1 8 1 0 1 .1 52 1 .1 8 8 1 9 9 .9 88 1 .2 0 3 9 97.8
O c to b er 194 1 .3 1 1 1 100 • 3 88 1 .1543 9 7 .0 121 1 .2137 98.6
November 199 1 .3 3 8 0 102 .3 71 1 .1 7 5 8 9 8 .9 120 1 .2273 99.7
Decem ber 146 1 .3 7 5 8 1 0 5 .2 94 1 .2 0 7 0 1 0 1 .5 149 1 .2 5 8 1 102.2
T o ta l  & 
a v e ra g e 1,197 1 .3077 1 0 0 .0 895 1 .1 8 9 4 1 0 0 .0 2,306 1 .2315 100.0
® * in f lu e n c e  o f m onth o f c a lv in g  on 
p e r s i s t e n c y
The r e l a t i o n s h i p  betw een  m onth  o f  c a lv in g  and p e r s i s ­
te n c y  was s t u d i e d  f o r  th e  f i r s t ,  s e c o n d , and l a t e r  
l a c t a t i o n s  s e p a r a t e l y ,  an d  th e  r e s u l t s  a re  p r e s e n te d  
i n  T a b le  39 t o g e th e r  w i th  r e l a t i v e  v a lu e s  o b ta in e d  b y  
u s in g  th e  w e ig h te d  a v e ra g e  i n  e a c h  g roup  a s  b a s e .
F i g .  17 shows th e s e  r e s u l t s  g r a p h i c a l l y .  I t  w i l l  b e  
o b se rv e d  t h a t  young and m atu re  cows re sp o n d e d  i n  
p r a c t i c a l l y  t h e  same m anner t o  v a r i a t i o n s  i n  m onth of 
c a l v in g .  The h ig h e s t  p e r s i s t e n c y  was a t t a i n e d  b y  cows 
c a lv in g  i n  th e  w in te r  m o n th s , w h ile  th e  lo w e s t  v a lu e s  
w ere  a t t r i b u t a b l e  t o  summer c a l v e r s .  C om parison o f 
F i g .  17 w i th  th e  c o r re s p o n d in g  f i g u r e  f o r  180 d ay  m ilk  
y i e l d  ( F ig .  8 ) i n d i c a t e s  a  c lo s e  s i m i l a r i t y  i n  t h e  
t r e n d  o f  th e s e  c u r v e s .  I t  w ould a p p e a r  t h e r e f o r e  t h a t  
th e  m o n th ly  v a r i a t i o n  in  p e r s i s t e n c y  co u ld  b e  e x p la in e d  
on t h e  same b a s i s  a s  th e  v a r i a t i o n  in  180 d a y  m ilk  
y i e l d ,  and  c o u ld  be  a t t r i b u t e d  in  l a r g e  m easu re  t o  
d i f f e r e n c e s  i n  t h e  p r e v a i l i n g  c o n d i t io n s  o f fo o d  s u p p ly  
in  d i f f e r e n t  m onths o f  th e  y e a r .
An a n a l y s i s  o f  th e  re s p o n s e  o f  i n d iv i d u a l  h e rd s  
to  m onth o f c a lv in g  was c a r r i e d  o u t to  d e te rm in e  w h e th e r  
t h e r e  w ere a n y  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  h e rd s  irf 
t h i s  r e s p e c t .  Y a te s 1 l e a s t  s q u a re  m ethod o f  f i t t i n g  | 
c o n s ta n ts  was a p p l i e d  t o  th e  p e r s i s t e n c y  f i g u r e s  o f j
2306 m a tu re  l a c t a t i o n s  (3 rd  and  l a t e r ) ,  an d  th e  r e s u l t s !
!
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A n a ly s is  o f  v a r ia n c e  of h e rd  m onth I n t e r ­
a c t io n s  In  p e r s i s t e n c y
S o u rc e d . f . Sum o f  sq u a re s Mean
sq u a re
P S i g n i f ­
ic a n c e
C o n s ta n ts
R em ainder 
( i n t e r ­
a c t i o n )
22
117
18 .6 4 1 8  
5 .9 4 6 0
0 .8 4 7 4
0 .0 5 0 8 1 .4 8 XX
B etw een
c la s s e s
W ith in
c l a s s e s
139
2166
24 .5878  
74 .3753 0 .0343
T o ta l 2305 9 8 .9 6 3 1
i
The a n a ly s i s  shows t h a t  a s  i n  t h e  m ilk  y i e l d  j
!
d a t a ,  t h e r e  w ere  s i g n i f i c a n t  h e rd  month i n t e r a c t i o n s  ir, 
p e r s i s t e n c y .  I t  i s  e v id e n t  t h e r e f o r e  t h a t  a  s tu d y  of 
i p e r s i s t e n c y  i n  r e l a t i o n  to  m onth  o f  c a lv in g  can  b e  
; a c c u r a te  o n ly  when i t  i s  done on a  w i th in - h e r d s  b a s i s .
I i
I P i g .  18 shows th e  r e s u l t s  o f  a  s tu d y  o f  th e  j
!
I sh a p e  o f  t h e  l a c t a t i o n  c u rv e  a s  in f lu e n c e d  by  m onth  of
ii
j c a lv in g  in  th e  l a r g e s t  h e rd  a v a i l a b l e  i n  th e  p r e s e n t  
| d a t a .  C om posite l a c t a t i o n  c u rv e s  b a se d  on th e  t h i r d  j
i  •  j
and  l a t e r  l a c t a t i o n s ,  a r e  p r e s e n te d  f o r  g ro u p s o f  ccwrs
c a lv in g  i n  d i f f e r e n t ,  p a r t s  o f  th e  y e a r .  L a c ta t io n s
| ■ I
| w h ich  commenced i n  two o r  t h r e e  c o n s e c u t iv e  m onths a r e
g rouped  to g e th e r  a c c o rd in g  to  th e  s i m i l a r i t i e s  th e y  j
e x h ib i t e d .  The figufce  shows q u i te  c l e a r l y  t h a t  t h e  j
h ig h e s t  p e r s i s t e n c y  was a t t a i n e d  by  cows c a lv in g  i n  th e
w in te r  m o n th s , w h ile  summer c a lv e r s  w ere  th e  p o o r e s t
j  i n  t h i s  r e s p e c t .  T hese r e s u l t s  a g re e  w i th  th o s e  of
j p re v io u s  a u th o r s  (G a in e s  1927 , S an d e rs  1930 , S ik k a  194Q
i  and Jo h a n sso n  and Hans so n  1940) i n  show ing t h a t  th e  j
i
| sh a p e  o f  th e  l a c t a t i o n  c u rv e  i s  in f lu e n c e d  b y  th e
iI
| s e a s o n  o f  c a l v in g .  The d e g re e  t o  w h ic h  s e a s o n  e x e r t s  
i t s  e f f e c t  h a s  v a r i e d  n a t u r a l l y  from  one i n v e s t i g a t i o n  
to  a n o th e r ,  and  th e  r e s u l t s  p r e s e n te d  h e re  a p p ly  t o  th e  
p a r t i c u l a r  p o p u la t io n  s t u d i e d .
C o r r e c t io n  f a c t o r s  f o r  e l im in a t in g  th e  e f f e c t  
o f m onth o f  w a iv in g  on p e r s i s t e n c y  w ere  c a l c u l a t e d  on 
a  w i th in - h e r d s  b a s i s  by  u s in g  th e  same te c h n iq u e
; em ployed f o r  th e  c o rre s p o n d in g  m ilk  y i e l d  c o r r e c t i o n s .
I
| T hese a r e  d e t a i l e d  i n  A ppendix  T ab le  9 .
* 4 • In flu en ce  of age and p reced in g
ca lv in g  in te r v a l  on p e rs is te n c y
I The g e n e r a l  e f f e c t  o f  v a r i a t i o n s  in  ag e  on th e  p e r s i s -
I t e n c y  o f  y i e l d  a r e  shown in  T a h le  41 w hich  c o n ta in s  th e
j \
| r e s u l t s  o f  t h e  tflum ped” and ^ p a i r e d ” l a c t a t i o n  m ethods 
o f s t u d y .  j
T a b le  41
R e la t i o n  b e tw een  ag e  in  l a c t a t i o n s  and p e r s i s t e n c y
L a c ta ­
t i o n
No.
No. o f 
cows
Lumped re c o rd s C o rre c te d  f o r  
s e l e c t i o n
Mean S ta n d a rdd e v ia t io n Mean
1 1211 1 .3080 0 .1868 1 .3203
2 915 1.1867 0 .1979 1 .1922
3 688 1 .2088 0 .2 1 3 7 1 .2 0 0 1
4 548 1 .2 2 3 1 0 .2 2 4 0 1 .2 2 3 2
5 386 1 .2303 0 .2013 1 .2 1 3 2
6 248 1 .2 3 2 4 0 .1 8 2 8 1 .2 0 2 1
7 156 1 .2575 0 .2373 1 .2 1 9 5
8 105 1.2720 0 .1775 1 .2 0 3 3
9 82 1 .2949 0 .1 6 6 6 1 .2 0 4 1
10 47 1 .2 5 4 0 0 .1705 1 .2 1 4 7
I t  w i l l  b e  o b se rv ed  t h a t  th e  f i r s t  l a c t a t i o n  had  a 
r a t h e r  low v a r i a b i l i t y  a s  m easured  by  th e  s ta n d a rd  
d e v i a t i o n ,  when com pared w i th  t h e  second  to  f i f t h  
l a c t a t i o n s .  The mean i t s e l f  was h ig h e s t  f o r  th e  f i r s t  
l a c t a t i o n .  T hese  r e s u l t s  a g re e  w i th  th o s e  o f p re v io u s  
a u th o r s  (T u rn e r  1927, S a n d e rs  193fc, O s te rg a a rd  1931, 
Gooch 1935, S ik k a  1940 an d  Jo h a n sso n  and H ansson 1940) 
in  s o  f a r  a s  th e  h ig h  p e r s i s t e n c y  o f f i r s t  c a lv e r s  i s  
c o n c e rn e d . T hey d i f f e r ,  ho w ev er, fro m  th e  s ta te m e n t
made by  P o n te c o rv o  in  1940 t h a t  t h e  p e r s i s t e n c y  of 
f i r s t  c a lv e r s  h a s  a  g r e a t e r  v a r i a b i l i t y  th a n  t h a t  o f  
su b s e q u e n t l a c t a t i o n s .  S in c e  no e v id e n c e  was p re s e n te d  
by  P o n te c o rv o  i n  s u p p o r t  o f h i s  s t a te m e n t ,  h i s  c la im  j 
c a n n o t b e  a c c e p te d  in  th e  l i g h t  o f  p r e s e n t  r e s u l t s .  
M oreover, S ik k a  (1 9 4 0 ) , u s in g  a  m easure  o f p e r s i s t e n c y  
r a t h e r  s i m i l a r  to  P o n te c o rv o 1 s show ed, i n  l i n e  w ith  
th e  p r e s e n t  r e s u l t s ,  t h a t  th e  f i r s t  l a c t a t i o n  p e r s i s ­
te n c y  h as th e  lo w e s t v a r i a b i l i t y #
C om parison  o f  th e  ^ p a i r e d ” and ft lum ped11 l a c t ­
a t i o n  r e s u l t s  shows how s e l e c t i o n  f o r  y i e ld  a f f e c t e d  
th e  p e r s i s t e n c y  f i g u r e s .  W ith  wiumped1* d a t a ,  th e  p e r ­
s i s t e n c y  d ro p p ed  fro m  t h e  f i r s t  to  th e  seco n d  l a c ta t io jn  
b u t  t h e r e a f t e r  in c r e a s e d  p r o g r e s s iv e ly  w i th  a g e .  Aftejr* 
a llo w a n c e  was made f o r  s e l e c t i o n ,  i t  was o b se rv e d  t h a t  
th e  a v e ra g e  p e r s i s t e n c y  o f  second  and l a t e r  c a lv e r s  d id  
n o t  show much v a r i a t i o n .  T h is  was c o n firm e d  by  a  s tu d  
o f t h e  t r e n d  i n  p e r s i s t e n c y  in  t h e  s u c c e s s iv e  l a c t ­
a t i o n s  o f 187 cow s, e a c h  o f  w h ich  had  co m p le te  r e c o rd s  
f o r  th e  f i r s t  f i v e  l a c t a t i o n s  (T a b le  4 2 ) .
T a b le  42
R e la t i o n  b e tw ee n  age  in  l a c t a t i o n s  and  p e r s i s t e n c y
(B ased  on 187 ccwrs w i th  c o n s e c u t iv e  r e c o rd s  f o r  th e
f i r s t  5 l a c t a t i o n s )
l a c t a t i o n
num ber
P e r s i s ­
te n c y






































































The r e s u l t s  shown In  T a b le s  41 an d  42 a r e  som e­
w hat d i f f e r e n t  fro m  th o s e  o f p re v io u s  i n v e s t i g a t o r s . 
S an d e rs  (1930) and S ik k a  (1940) found  fro m  t h e i r  s tu d i^ i  
t h a t  t h e  p e r s i s t e n c y  v a lu e s  d e c re a s e d  as th e  cows grew  
o l d e r .  B u t ,  Jo h a n sso n  and  H ansson  (1940) o b ta in e d  
r e s u l t s  w h ic h  show ed t h a t  p e r s i s t e n c y  d e c re a s e d  w i th  ag£e 
up t o  a b o u t f o u r  y e a r s ,  and  t h e r e a f t e r  in c r e a s e d .  I t  
seem s l i k e l y  t h a t  t h i s  v a r i a t i o n  in  r e s u l t s  c o u ld  b e  
a t t r i b u t e d  l a r g e ly  t o  d i f f e r e n c e s  i n  th e  m ethods 
em ployed t o  m easure  p e r s i s t e n c y .
The e f f e c t  o f  age i n  l a c t a t i o n s  on th e  shape  of 
t h e  l a c t a t i o n  c u rv e  up  t o  th e  180 th  d a y  from  c a lv in g  is  
p r e s e n te d  g r a p h i c a l l y  in  P ig .  1 9 . I t  i s  b a se d  on 536 
f i r s t  l a c t a t i o n s  and 527 m atu re  l a c t a t i o n s  ( 3 r d ,  4 th  
and  5 t h ) ,  and  shows q u i te  c l e a r l y  t h a t  f i r s t  c a lv e r s  
had  a c o n s id e r a b ly  h ig h e r  p e r s i s t e n c y  th a n  o ld e r  cow s.
The c o v a r i a t i o n  o f  age w i th in  l a c t a t i o n s ,  le n g th  
o f  p re c e d in g  c a lv in g  i n t e r v a l  and p e r s i s t e n c y  was a l s o  
s tu d ie d  w i th  th e  p r e s e n t  d a ta  b y  means o f  c o r r e l a t i o n  
and  r e g r e s s i o n  c o e f f i c i e n t s .  The r e s u l t s  o f  t h i s  s tu d y  
f o r  th e  f i r s t  t h r e e  l a c t a t i o n s  a r e  sum m arised  i n  T a b le  
4 3 . They show t h a t  th e  c o r r e l a t i o n s  b e tw een  age  a t  
c a lv in g  and  p e r s i s t e n c y  w ere  n o t  s t a t i s t i c a l l y  s i g n i f i ­
c a n t .  B u t p re c e d in g  c a lv in g  i n t e r v a l  and p e r s i s t e n c y  
a p p e a re d  to  b e  s i g n i f i c a n t l y  r e l a t e d  t o  e a c h  o t h e r .  
N e v e r th e le s s  th e  low v a lu e  o f  th e  r e g r e s s io n  c o e f f i c i e n t s  
i n d ic a t e d  t h a t  t h i s  r e l a t i o n s h i p  c o u ld  be  ig n o re d  f o r  
m ost p r a c t i c a l  p u rp o s e s .
Table 45
C o v aria tio n  of age a t  c a lv in g 5 le n g th  of p r e ­
ced ing  ca lv in g  I n te r v a l  ( p . c . i . )  and p e r s is te n c y
(Age was m easured  In  m onths and p . c . i .  i n  d a y s )
L a c t-  
a t i  on
C o r r e la t io n c o e f f i ­
c i e n t s *
R egress^ 




p e r s i s t e n c y
p . c . i . -
p e r s i s t -
ency
P e r s i s t e n c y
-a g e
P e r s i s t -
en cy -
p . C . l .
1 -0 .0 3 2 - -0 .0 0 1 4 -
2 0 .0 5 1 0 .1 1 3 0 .0021 0 .0003
3 0 .0 3 2 0 .0 9 4 0 .0 0 1 3 0 .0003
*  The s ta n d a r d  e r r o r  o f  th e  c o r r e l a t i o n  c o e f f i c i e n t s  
was 0 .0 2 9  -  0 .0 4 4 .
The number o f  cows and  th e  a v e ra g e s  and s ta n d a r d  
d e v ia t i o n  f o r  p e r s i s t e n c y ,  age  a t  c a lv in g ,  and 
p . c . i .  w e re  g iv e n  i n  T a b le s  5 an d  4 1 , an d  th e  
c o r r e l a t i o n  b e tw een  age  a t  c a lv in g  and  p . c . i .  was 
g iv e n  i n  T ab le  2 3 .
I t  s h o u ld ,  h o w e v e r, be n o te d  in  c o n c lu s io n ,  t h a t  
a llo w a n c e  m ust be made f o r  th e  h ig h  p e r s i s t e n c y  o f  
f i r s t  c a lv e r s  when com paring  cows w i th  d i f f e r e n t  l a c t -
'
a t i o n s . T h is  seem s t o  be  t h e  o n ly  ty p e  o f  c o r r e c t i o n  
n e c e s s a r y  f o r  th e  in f lu e n c e  o f  age on p e r s i s t e n c y .
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P a r t  IV 
S tu d ie s  In  B u t t e r f a t  P e rc e n ta g e
A lth o u g h  e x te n s iv e  i n v e s t i g a t i o n s  on th e  f a t  c o n te n t  
in  m ilk  have  b e e n  c a r r i e d  o u t i n  o th e r  p a r t s  o f  th e  
w o r ld , th e  a v a i l a b l e  l i t e r a t u r e  on th e  s u b j e c t  f o r  
A y rs h ire  c a t t l e  In  t h i s  c o u n try  i s  e x tre m e ly  m eag re .
Kay and M cC andlish  (1929) and  G len  an d  M cC andlish  (195fO) 
s tu d ie d  th e  in f lu e n c e  o f  ag e  on b u t t e r f a t  p e rc e n ta g e  
b y  u s in g  d a t a  from  A y rs h ire  cows w hich  had co m p le ted  
a t  l e a s t  f i v e  l a c t a t i o n s .  A sk er (1949) i n v e s t i g a t e d  
th e  im p o rta n c e  o f  h e r e d i ty  in  th e  v a r i a t i o n  o f  b u t t e r -  
f a t  p e rc e n ta g e  in  some B r i t i s h  b re e d s  o f  d a i r y  c a t t l e  
A p a rt from  t h i s ,  v e ry  l i t t l e  has b e e n  d o n e . I t  w i l l  
t h e r e f o r e  b e  i n t e r e s t i n g  t o  exam ine th e  f i g u r e s  f o r  
b u t t e r f a t  p e rc e n ta g e  i n  th e  p r e s e n t  d a t a .  The r e s u l t s  
r e p o r te d  i n  t h i s  s e c t i o n  a r e  b a se d  on th e  a v e ra g e  
b u t t e r f a t  p e rc e n ta g e  d u r in g  t h e  t o t a l  l a c t a t i o n  p e r i o ^ .
1 .  V a r i a t io n  in  b u t t e r f a t  p e rc e n ta g e  
be tw een  h e rd s  an d  y e a r s
The a v e ra g e  f a t  c o n te n t  In  t h e  m ilk  s e c r e t e d  b y  cows 
in  th e  12 h e rd s  i n v e s t i g a t e d ,  a r e  p r e s e n te d  in  A ppendix  
T a b le  10 f o r  t h e  p e r io d  1930 to  1 9 3 8 . The mean b u t t e r  
f a t  p e rc e n ta g e  f o r  th e  w hole  p o p u la t io n  was 3 .9 9  p e r  
c e n t .  B ut i t  w i l l  be  s e e n  t h a t  th e r e  was c o n s id e r a b le  
v a r i a t i o n  be tw een  h e rd s  and  y e a r s  i n  t h i s  r e s p e c t .  An 
a n a ly s i s  o f  v a r ia n c e  b a s e d  on th e  mean b u t t e r f a t  p e r ­
c e n ta g e s  o f  e a c h  h e rd  I n  e a c h  y e a r  g av e  th e  fo l lo w in g  
r e s u l t s  (T ab le  4 4 ) : -
Table 44
A nalysis of variance of b u t t e r f a t  p e rc e n t­
age between herds and years
(3 a se d  on th e  mean b u t t e r f a t  p e rc e n ta g e s  of e a c h  o f 
12 h e rd s  In  e ac h  y e a r  from  1930 t o  1938)
S o u rce d . f . Sum of 
sq u a re s
Mean
sq u a re F
S i g n i f i ­
cance
Betv/een
h e rd s 11 2 .0514 0 .1865 1 5 .29 X X
B etw een
y e a rs 8 0 .2 4 6 6 0 .0 3 0 8 2 .5 2 X
E r r o r 88 1 .0767 0 .0122
T o ta l 107 3 .3747
C o e f f i c ie n t  o f  v a r i a t i o n  = 2 .7  p e r  c e n t .  |
!
T h is  shows t h a t  t h e  d i f f e r e n c e s  b e tw een  h e rd s  and  
b e tw een  y e a rs  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  view  
of th e  r e l a t i v e l y  h ig h  v a lu e s  f o r  h e r i t a b i l i t y  o f  
b u t t e r f a t  p e rc e n ta g e  o b ta in e d  in  P a r t  V o f  t h i s  t h e s i s ,  
t h e r e  I s  r e a s o n  to  b e l i e v e  t h a t  t h e  g r e a t e r  p a r t  o f  
th e s e  d i f f e r e n c e s  w ere  g e n e t ic  i n  o r i g i n .  I t  was 
t h e r e f o r e  p o s s ib l e  to  t r e a t  th e  12 h e rd s  as a  s i n g l e  
p o p u la t io n  when s tu d y in g  th e  in f lu e n c e  o f  v a r io u s  
f a c t o r s  on b u t t e r f a t  p e r c e n ta g e .
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2* In flu e n ce  o f month, of c a lv in g  on b u t t e r -
f a t  p e rcen tag e
I t  was shown a s  e a r l y  as 1922 by  R a g sd a le  and  B rody , 
and  R a g sd a le  and  T u rn e r , t h a t  th e  p e rc e n ta g e  o f  f a t  i n  
m ilk  i s  in f lu e n c e d  by  e n v iro n m e n ta l  t e m p e r a tu r e ,  and  
t h a t  t h e  m ilk  p ro d u ced  d u r in g  th e  summer m onths te n d s  
t o  b e  low In  b u t t e r f a t  p e r c e n ta g e .  In  th e  p r e s e n t  s tu 4 y  
o f t h e  v a r i a t i o n  o f  b u t t e r f a t  p e rc e n ta g e  w i th  m onth o f  
c a l v in g ,  I t  was fo u n d  t h a t  p a r t  o f  th e  v a r i a t i o n  m ight 
be  a t t r i b u t e d  to  d i f f e r e n c e s  i n  te m p e ra tu re  a s  s u g g e s t ­
ed by  th e s e  w o rk e r s ,  b u t  I t  seem ed l i k e l y  t h a t  o th e r  
e n v iro n m e n ta l  f a c t o r s  a l s o  p la y e d  some p a r t  in  d e t e r ­
m in in g  t h i s  v a r i a t i o n .
T a b le  45 shows th e  r e l a t i o n s h i p  be tw een  m onth 
o f  c a lv in g  an d  b u t t e r f a t  p e rc e n ta g e  in  th e  p r e s e n t  d a t4 *  
The a v e ra g e s  w ere o b ta in e d  by  th e  l e a s t  s q u a re s  m ethod 
o f f i t t i n g  c o n s t a n t s ,  a s  t h i s  e n a b le d  th e  e f f e c t  o f  a g ^  
on f a t  p e rc e n ta g e  t o  b e  a v o id e d .  The d a ta  was f i r s t  
c l a s s i f i e d  f o r  t h i s  p u rp o se  i n to  g roups a c c o rd in g  t o  th |e  
m onth o f  c a lv in g  and th e  l a c t a t i o n  number ( 1 s t ,  2nd , 
and  l a t e r  l a c t a t i o n s  b e in g  t r e a t e d  s e p a r a t e l y ) .  The 
schem e f o r  t e s t i n g  i n t e r a c t i o n s  b e tw e e n  m onths and 
l a c t a t i o n s  was th e n  s e t  u p , and  th e  f i t t e d  c o n s ta n ts  
f o r  m onths o b ta in e d  fro m  t h i s  scheme p ro v id e d  th e  m o n th ly  
a v e ra g e s  p r e s e n te d  in  T a b le  4 5 . R e la t iv e  v a l u e s ,  
c a l c u l a t e d  b y  u s in g  th e  w e ig h te d  a v e ra g e  b u t t e r f a t  p e r ­
c e n ta g e  f o r  a l l  months a s  b a s e ,  a r e  a l s o  g iv e n  f o r  
p u rp o se s  o f  c o m p a r is o n :-
Table 45
R e la tio n  between month o f c a lv in g  and
b u t t e r f a t  percen tage
Month o f 
c a lv in g
Number o f 
cows
A verage  f a t  
p e rc e n ta g e
R e la t iv e
v a lu e s
Ja n u a ry 453 3 .9 6 9 9 .2
F e b ru a ry 670 3 .9 5 9 9 .0
M arch 716 3 .9 7 9 9 .5
A p r i l 432 3 .9 4 9 8 .7
May 238 3 .9 7 99 .5
June 142 3 .9 5 9 9 .0
J u ly 125 4 .0 2 1 0 0 .8
A ugust 154 4 .0 6 1 0 1 .8
S ep tem ber 301 4 .0 8 1 0 2 .3
O c to b er 401 4 .0 7 1 0 2 .0
November 394 4 .0 2 1 0 0 .8
December 391 3 .9 7 9 9 .5
T o ta l  and  
a v e ra g e 4 ,4 1 7 3 .9 9 1 0 0 .0
I t  w i l l  be o b se rv e d  t h a t  b u t t e r f a t  p e rc e n ta g e
showed a  r e l a t i v e l y  sm a ll  v a r i a t i o n  w ith  m onth o f
c a lv in g  a s  com pared  w i th  th e  c o r re s p o n d in g  f i g u r e s  f o r
m ilk  y i e ld  and  p e r s i s t e n c y  (T ab le s  1 2 , 13 and 2 9 ) .  The
h i g h e s t  v a lu e s  w ere o b ta in e d  f o r  cows c a lv in g  fro m  J u ly
to  Novenfcer, and  th e s e  cows p ro d u ced  m ost o f  t h e i r  mill^
d u r in g  th e  au tum n and w in t e r  m o n th s . I t  may be p o s s ib l e
t h a t  t h e  low e n v iro n m e n ta l  te m p e ra tu re  w h ich  would b e
a s s o c i a t e d  w ith  t h e  l a t t e r  p e r io d  c o n t r ib u te d  in  some
m easure  t o  t h e  r e l a t i v e l y  h ig h  f a t  c o n te n t  in  th e  m ilk  
N e v e r th e le s s ,  th e  d i f f e r e n c e  i n  a v e ra g e  f a t  p e rc e n ta g e
%
b e tw ee n  cows c a lv in g  in  th e  m ost a n d  l e a s t  f a v o u ra b le  
m onths o f  t h e  y e a r  was o n ly  0*14 p e r  c e n t , ,  and cou ld  
t h e r e f o r e  be d i s r e g a r d e d  f o r  m ost p r a c t i c a l  p u rp o s e s .
3 . In flu en ce  of age on b u t t e r f a t  p e rcen tag e
T a b le  46 shows th e  r e s u l t s  o f  s t u d i e s  in  th e  v a r i a t i o n  
o f  t h e  f a t  c o n te n t  o f m ilk  w ith  ag e  from  th e  1 s t  t o  the* 
1 0 th  l a c t a t i o n s .  In  a d d i t io n  t o  th e  ^lum ped l a c t a t i o n "  
m ethod o f  s tu d y ,  th e  " p a i r e d - l a c t a t i o n "  m ethod  was a l s o  
em ployed in  o r d e r  t o  o b ta in  r e s u l t s  t h a t  w ould be  f r e e  
f ro m  th e  in f lu e n c e  o f  s e l e c t i o n .  However, co m p ariso n  
o f  th e  f i g u r e s  o b ta in e d  by  th e  two m ethods shows t h a t  
h a r d ly  any  s e l e c t i o n  h ad  ta k e n  p la c e  in  th e s e  h e rd s  on 
th e  b a s i s  o f  b u t t e r f a t  p e r c e n ta g e .  T h is  i s  co n firm ed  
by  th e  r e s u l t s  fro m  a  s e l e c te d  p o p u la t io n  o f 187 cow s, 
e a c h  o f  w hich  had  co m p le te d  t h e  f i r s t  f i v e  l a c t a t i o n s  • 
The a v e ra g e  b u t t e r f a t  p e rc e n ta g e  f o r  t h i s  g ro u p  o f  cows 
was fo und  t o  be  o n ly  3 .9 8  -  w h ich  was a b o u t th e  same as 
th e  a v e ra g e  f o r  th e  w hole  p o p u la t io n .
T ab le  46
R e la t i o n  b e tw een  age  and  b u t t e r f a t  p e rc e n ta g e
L a c t ­
a t i o n
No.
N o. o f 
cows
A verage  f a t  p e r ­
c e n ta g e
Cows w ith  c o n se c u ­
t i v e  r e c o rd s  f o r  th e  
f i r s t  5 l a c t a t i o n s
Lumped








p e rc e n ta g e
1 1211 4 .1 2 4 .1 2 187 4 .1 0
2 908 3 .9 8 3 .9 9 187 3 .9 9
3 678 3 .9 5 3 .9 7 187 3 .9 8
4 547 3 .9 0 3 .9 2 187 3 .9 3
5 381 3 .9 2 3 .9 1 187 3 .9 0
6 245 3 .8 9 3 .8 9
7 154 3 .9 2 3 .8 8 A verage 3 .9 8
8 105 3 .9 2 3 .9 1
9 82 3 .8 9 3 .9 0
10 47 3 .9 5 3 .9 0
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The g e n e r a l  t r e n d  of t h e  f ig u r e s  sh o w  t h a t  th e ife  
was a  s l i g h t  d e c r e a s e  i n  th e  f a t  c o n te n t  o f  th e  m ilk  
w i th  i n c r e a s in g  age o f  th e  cow s. T h is  i s  in  ag reem en t 
w i th  th e  f in d in g s  o f  p re v io u s  i n v e s t i g a t o r s  (Gowen 192d , 
1924 , G len  a n d  M cC andlish  1929 , T u f f  1931 and  Jo h a n sso n  
an d  H ansson 1 9 4 0 ) . H ow ever, th e  v a r i a t i o n  w i th  age  was 
n o t  so  g r e a t  a s  t o  r e  comaend s p e c i a l  c o r r e c t io n s  f o r  i t  
in  b re e d in g  w o rk .
/
I l l
4 .  I n f lu e n c e  o f c a lv in g  I n t e r v a l s  on 
b u t t e r f a t  p e rc e n ta g e
The v a r i a t i o n  o f b u t t e r f a t  p e rc e n ta g e  was s tu d i e d  in  
r e l a t i o n  t o  b o th  p re c e d in g  an d  c u r r e n t  c a lv in g  i n t e r v a l s .  
T h is  s tu d y  was b a s e d  on th e  3 rd  and  l a t e r  l a c t a t i o n s  
o n ly , so  t h a t  t h e  i n f lu e n c e  o f  a g e  m ig h t be a v o id e d .
The r e c o r d s  w ere  f i r s t  c a l s s i f i e d  i n t o  g roups a c c o rd in g  
t o  th e  l e n g th  o f  th e  p r e c e d in g  c a lv in g  i n t e r v a l ,  u s in g  
a  c l a s s  i n t e r v a l  o f  40 d a y s .  The b u t t e r f a t  p e rc e n ta g e s  
d u r in g  th e  c u r r e n t  and p re c e d in g  l a c t a t i o n  p e r io d s  w ere 
n o te d  In  e ac h  c a s e ,  and th e  a v e ra g e s  w ere  th e n  c a l c u l ­
a te d  f o r  each  g ro u p  s e p a r a t e l y .  The r e s u l t s  a r e  
p r e s e n te d  i n  T a b le  4 7 .
T a b le  47
R e la t i o n  b e tw een  l e n g th  o f  c a lv in g  i n t e r v a l s
and  b u t t e r f a t  p e rc e n ta g e
L en g th  o f
c a lv in g
i n t e r v a l
(d ay s )
P re c e d in g  c a lv in g  
i n t e r v a l
C u rre n t  c a lv in g  
i n t e r v a l
No. o f 
l a c t a t i o n s
P a t  p e r ­
c e n ta g e
No. of 
l a c t a t i o n s
P a t  p e r ­
c e n ta g e
301-340 259 3 .8 7 167 3 .9 2
341-380 1006 3 .9 1 670 3 .9 5
381-420 565 3 .9 3 350 3 .9 3
421-460 205 3 .9 3 126 3 .9 1
461-500 89 3 .9 5 56 3 .9 4
5 0 1 - 94 3 .9 5 64 3 .9 3
T o ta l  and  
a v e ra g e 2 ,2 1 8 3 .9 2 1 ,433 3 .9 4
The f i g u r e s  show t h a t  w i th  i n c r e a s in g  le n g th  I 
o f  p re c e d in g  c a lv in g  i n t e r v a l  t h e r e  was a  s l i g h t  t e n d - i
j
en cy  f o r  t h e  b u t t e r f a t  p e rc e n ta g e  t o  i n c r e a s e .  T h is  j 
c o u ld  p e rh a p s  b e  a t t r i b u t e d  t o  th e  im proved  c o n d i t io n  
o f  cows c a lv in g  a f t e r  a  lo n g  p re c e d in g  c a lv in g  i n t e r ­
v a l ,  a s  s u g g e s te d  b y  E c k le s  (1 9 2 3 ) . W ith  c u r r e n t  
c a lv in g  i n t e r v a l s ,  h o w ev er, th e  v a r i a t i o n  was n o t so  i
i
m ark ed . B u t i n  n e i t h e r  case  was th e  v a r i a t i o n  o f a n y  j 
p r a c t i c a l  im p o r ta n c e .
5 • R e la tio n sh ip  between b u t t e r f a t  percen­
tage  and m ilk  y ie ld
I t  i s  w e l l  known t h a t  i n  d a i r y  c a t t l e ,  t h e  a im  o f  any  
b r e e d in g  p o l ic y  i s  t o  in c r e a s e  th e  p r o d u c t io n  o f  m ilk  
and  th e  b u t t e r f a t  c o n te n t  o f  t h a t  m i lk .  I t  i s  o f
I i n t e r e s t  t h e r e f o r e ,  t o  d e te rm in e  w h e th e r  t h e r e  I s  any  |
|
; r e l a t i o n s h i p  b e tw een  th e s e  two f a c t o r s  b o th  b e tw een  !
|
j and  w i t h in  cow s. The 3 r d ,  4 th  and 5 th  l a c t a t i o n  r e c o r d s  
| o f 263 cows fro m  th e  12 h e rd s  w ere u sed  in  o rd e r  t o  
o b ta in  in fo rm a tio n  on t h i s  s u b j e c t ,  and  th e  r e s u l t s  
a r e  p r e s e n te d  in  T a b le  4 8 .
T a b le  48
C o v a r ia t io n  b e tw een  t o t a l  m ilk  y i e l d  and f a t
p e rc e n ta g e *




y i e l d
P a t
p e rc e r
ta g e
ia n c e
L-
a t i o n  
c o e f f -  
Ic  i e n t
s io n  a  
f a t  % 
on u n it 





T o ta l 788 5 ,1 6 9 ,7 7 1 0 .0 8 3 1 + 71.38 + 0 .109 + 0 .014
B etw een
h e rd s 11 97 2 ,2 6 0 0 .0 1 8 2 + 118 .02 + 0 .887 +0.121
B etw een
cows
w i th in
h e rd s
251 2 ,2 8 0 ,8 1 7 0 .0 3 9 9 -5 7 .2 1 -0 .1 9 0 -0 .0 2 5
W ith in
cows 526 1 ,9 1 6 ,6 9 4 0 .0 2 5 0 + 10 .57 + 0 .048 + 0 .0 0 6
*  c f . H a z e l , B aker and R e in m i l le r  (1 9 4 3 ) f o r  th e  
m ethod em ployed t o  p a r t i t i o n  th e  v a r i a n c e  and 
c o v a r ia n c e  •
The c o r r e l a t i o n  b e tw een  m ilk  y i e l d  and b u t t e r - :





T h is  i n d ic a t e s  t h a t  t h e r e  was a  p o s i t i v e  c o r r e l a t i o n  
b e tw een  th e s e  tw o v a r i a t e s  when th e  d a t a  w ere  ta k e n  a s  
a w h o le . The be tw een  h e rd s  c o r r e l a t i o n  was + 0 .887  and! 
was h ig h ly  s i g n i f i c a n t ,  w h ich  means t h a t  i n  t h e  p r e s e n t  
d a t a ,  h e rd s  w i th  a  h ig h  m ilk  y i e l d  a l s o  te n d e d  to  have | 
a  h ig h  f a t  p e r c e n ta g e .  T h is  i s  b o rn e  o u t b y  A ppendix  j  
T a b le s  5 and  13 w hich  g iv e  th e  a v e ra g e  f i g u r e s  f o r  180j
day  m ilk  y i e l d  a n d  b u t t e r f a t  p e rc e n ta g e  f o r  e a c h  o f  thjs
|
12 h e rd s  s t u d i e d .  A f te r  e l i m in a t i o n  o f th e  d i f f e r e n c e ^
I
b e tw een  h e rd s ,  th e  c o r r e l a t i o n  was s p l i t  up i n t o  (a )  j
!
th e  c o r r e l a t i o n  b e tw een  cows w i th in  h e r d s ,  - 0 .1 9 0 ,  andj 
(b ) th e  c o r r e l a t i o n  w i th in  cow s, + 0 .0 4 8 . T h is  low 
v a lu e  o f  th e  In t r a - c o w  c o r r e l a t i o n  c o e f f i c i e n t  shows
[
t h a t  th e  v a r i a t i o n  in  b u t t e r f a t  p e rc e n ta g e  betw een  
d i f f e r e n t  l a c t a t i o n s  o f t h e  same cow was p r a c t i c a l l y  
in d e p e n d e n t o f  t h e  l e v e l  o f  m ilk  p r o d u c t io n .  Betw een 
cow s, th e  c o v a r ia n c e  was n e g a t iv e  and  s t a t i s t i c a l l y  
s i g n i f i c a n t  ( r  ■ - 0 .1 9 0 ) .  N e v e r th e le s s ,  t h e  v a lu e  of|
th e  r e g r e s s io n  c o e f f i c i e n t  was so  low t h a t  when th e  
m ilk  y i e l d  in c r e a s e d  b y  1000 l b . ,  th e  a v e ra g e  b u t t e r ­
f a t  p e rc e n ta g e  d e c re a s e d  by  o n ly  0 .0 2 5 . I t  may t h e r e -
i
f o r e  be  c o n c lu d e d  t h a t  th e  c o v a r i a t i o n  b e tw een  m ilk
y i e l d  an d  b u t t e r f a t  p e rc e n ta g e  i s  o f  l i t t l e  p r a c t i c a l  j
!
im p o rta n c e  fro m  a  b r e e d in g  s t a n d p o in t ,  and t h a t  t h e r e  j
i
i s  no c a u se  f o r  any  p e s s i m i s t i c  b e l i e f  t h a t  a n  in c re a s je  
i n  t h e  m ilk  y i e l d  would mean an  a p p r e c ia b le  d e c re a s e
j
In  t h e  b u t t e r f a t  c o n te n t  o r  v ic e  v e r s a .  I
FART V
The R o le  o f H e re d i ty  I n  th e  V a r ia t io n  o f 
M ilk  Y ie ld ,  P e r s i s t e n c y  and B u t t e r f a t  
P e rc e n ta g e
PART V |
The r o l e  o f h e r e d i t y  in  th e  v a r i a t i o n  of m ilk  
y i e l d ,  p e r s i s t e n c y  and b u t t e r f a t  p e rc e n ta g e
The c a u se s  o f  v a r i a t i o n  in  m ilk  y i e l d ,  p e r s i s t e n c y  and;
b u t t e r f a t  p e rc e n ta g e  may b e  d iv id e d  in to  tw o m ain g roups
-  g e n e t ic  c a u se s  and  th o s e  t h a t  a r i s e  from  e n v iro n m e n t.
To th e  f i r s t  g ro u p  b e lo n g  a l l  d i f f e r e n c e s  w h ich  may b e
a t t r i b u t e d  t o  h e r e d i t y ,  w h ile  th e  second co m p rise s  a l l
I
t h e  o th e r  c a u se s  o f  v a r i a t i o n  b e tw een  as  w e ll  a s  w ith ifa
1
i n d i v i d u a l s .  W ith  a  s i n g l e  cow, how ever, i t  i s  a lm o stj 
im p o s s ib le  t o  d e c id e  e x a c t ly  w h e th e r  h e r  v a r i a t i o n s  
fro m  th e  a v e ra g e  p ro d u c t io n  o f  th e  h e rd  o r b re e d  t o  
w h ich  sh e  b e lo n g s  a r e  due  t o  g e n e t i c a l  or environm entajL  
f a c t o r s .  B u t w ith  a  l a r g e  number o f cow s, i t  i s  p o s s ib l e  
t o  e s t im a t e ,  b y  means o f  a p p r o p r i a t e  s t a t i s t i c a l  m e th o d s, 
th e  r e l a t i v e  r o l e s  o f  h e r e d i ty  and  e n v iro n m e n t.
W ith  th e  p r e s e n t  m a t e r i a l ,  i t  h a s  b e en  p o s s ib lp  
t o  s tu d y  th e  in f lu e n c e  o f su ch  e n v iro n m e n ta l  f a c t o r s  
a s  month o f  c a l v in g ,  a g e ,  and l e n g th  o f  p re c e d in g  
c a lv in g  i n t e r v a l ,  and th e  r e s u l t s  o f  th e s e  s tu d ie s  hav|i 
b e e n  r e p o r t e d  in  th e  p re c e d in g  s e c t i o n s .  The p u rp o se  
o f  t h i s  s e c t i o n  i s  t o  e s t im a te  th e  p a r t  p la y e d  by  
h e r e d i t y  in  t h e  v a r i a t i o n  o f  m ilk  y i e l d ,  p e r s i s t e n c y  
and b u t t e r f a t  p e rc e n ta g e  in  A y rs h ire  c a t t l e .  T h is  h as 
b e e n  done p a r t l y  by  a n a ly s e s  o f  v a r i a t i o n s  and c a l c u l ­
a t i o n  o f in t r a - c o w  c o r r e l a t i o n s ,  and  p a r t l y  by  s t u d i e s  
o f  d a u g h te r-d a m  c o r r e l a t i o n s  and  r e g r e s s i o n s .
1 .  In tra -c o w  c o r r e l a t i o n s  
The in t r a - c o w  c o r r e l a t i o n ,  r ,  a s  c a l c u l a t e d  h e r e ,  i s  a  
m easu re  o f  t h e  s t a b i l i t y  of th e  q u a l i t i e s  exam ined in
j 1 1 6
; t h e  i n d iv i d u a l  cow s. I t  i s , in  f a c t ,  a c o e f f i c i e n t  
| d e p ic t i n g  th e  i n d i v i d u a l i t y  o f  th e  cow, and  i s  o f t e n  
I r e f e r r e d  t o  a s  th e  c o e f f i c i e n t  o f  r e p e a t a b i l i t y .  A
I ?
I h ig h  v a lu e  o f r  means th a t  t h e  g r e a t e r  p a r t  o f th e  
v a r i a t i o n  o c c u rs  b e tw ee n  in d iv id u a l s  and  o n ly  a  s m a ll  
p a r t  w i th in  i n d iv i d u a l s .  T h a t i s ,  th e  m a n i f e s ta t io n  
o f th e  p a r t i c u l a r  c h a r a c t e r  v a r i e s  v e ry  l i t t l e  fro m
j
one l a c t a t i o n  t o  a n o th e r  i n  th e  same cow. I f  i t  cou ld j
be  assum ed t h e r e f o r e  t h a t  a l l  t h e  cows u se d  in  th e  j
!
p r e s e n t  i n v e s t i g a t i o n  had  l i v e d  u n d e r t h e  same e n v iro n j-  
m e n ta l c o n d i t i o n s ,  th e  c o e f f i c i e n t  o f  in t r a - c o w  c o r r e l j -  
a t i o n  w ould  b e  a  s u i t a b l e  m easu re  o f  t h e  t o t a l  g e n e tic j 
| v a r i a t i o n .  But t h i s  a ssu m p tio n  w ould be f a r  fro m  j
j  |
j c o r r e c t .  I t  h a s  b een  shown in  th e  p re c e d in g  s e c t i o n s  !
j
j t h a t  t h e r e  w ere h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  
th e  12 h e rd s  s t u d i e d ,  and t h e r e  i s  r e a s o n  t o  b e l i e v e  
t h a t  th e  g r e a t e r  p o r t io n  o f th e s e  d i f f e r e n c e s  w ere 
j e n v iro n m e n ta l .  I t  would a p p e a r  t h e r e f o r e  t h a t  t h e  
in tr a - c o w  c o r r e l a t i o n  w i th in  h e rd s  w ould be a  b e t t e r  
m easu re  o f  th e  t o t a l  g e n e t i c  v a r i a t i o n  th a n  t h a t  c a l ­
c u la te d  on th e  a s su m p tio n  t h a t  a l l  th e  cows b e lo n g e d  
t o  a  s i n g l e  hom ogeneous p o p u la t i o n .  Even w ith  t h i s  
l i m i t a t i o n ,  I t  sh o u ld  be p o in te d  o u t t h a t  th e  d i f f e r ­
e n c e s  b e tw ee n  in d iv id u a l s  in  any  one h e rd  may v e ry  w e^ l 
b e  p a r t l y  c a u se d  by  e n v iro n m e n t, and  t h e r e f o r e  r  canncjt
s im p ly  be s a i d  to  show th e  d e g re e  o f  g e n e t ic  v a r i a t i o r j .
!
H ow ever, i t  i s  e v id e n t  t h a t  th e  g e n e t ic  f r a c t i o n  o f  tije  
v a r ia n c e  c an n o t be  h ig h e r  th a n  t h a t  e x p re s s e d  b y  t h e  j
i
c o e f f i c i e n t  o f in t r a - c o w  c o r r e l a t i o n  w i t h i n  h e r d s ,  an4
T ab le  49
A n a ly s is  o f v a r ia n c e  o f th e  a g e - c o r r e c t e d  180 d a y  m ilk  y ie ld s  
o f 526 cow s, e ach  o f w h ich  had  com pleted  th e  f i r s t  f o u r  la c ta t io n s
S o u rc e d . f . Mean sq u a re C o m p o sitio n  o f mean s q u a re V ariancecomponent
B etw een h e rd s
Betw een cows 
w i t h in  h e rd s
W ith in  cows




e la t io n
5 1 ,8 1 5 ,4 5 7
2 ,7 9 9 ,1 6 1  
61 1 ,3 1 1  
w i th in  h e rd s
^ f 2+40-G2+n1(^ 2
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W
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T a b le  50
A n a ly s is  o f v a r ia n c e  o f t h e  p e r s i s t e n c y  o f 326 cow s, e ach  of
w h ich  h ad  c o m p le te d  th e  f i r s t  f o u r  l a c t a t i o n s
S o u rc e d . f .
Mean
s q u a re




B etw een l a c t a t i o n s  
B etw een h e rd s
H erd l a c t a t i o n  
i n t e r a c t i o n
Betw een cows
w i th in  h e rd s
R em ainder
In t r a - c o w  c o r r e l a l  






; io n  wi 
’ia n c e
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0 .0 4 0 4
0 .0 5 9 4
0 .0 2 8 2
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T ab le  51
A n a ly s is  o f  v a r ia n c e  o f th e  b u t t e r f a t  p e rc e n ta g e  o f  326 cows,
e ac h  o f w hich  h ad  co m p le ted  th e  f i r s t  f o u r  l a c t a t i o n s
S o u rc e d . f . Meansq u a re
C o m p o sitio n  o f  mean 
s q u a re
V ariance
component
B etw een la c ta t io n s
1
B etw een h e rd s
H erd l a c t a t i o n  
i n t e r a c t i o n
B etw een cows
w i t h in  h e rd s
R em ainder
I n t r a - c o w  c o r r e l a t  






; i  on wi 
’ia n c e
2 .3 0 2 4
2 .0 3 2 8
0 .0 7 0 4
0 .2 1 7 3
0 .0 2 1 5
t h i n  h ere  
due t o  a^
crw2+326̂ 2+n0°iL2
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0 .0 4 9 0
0.0215
196 J
I th e s e  f i g u r e s  may be  c o n s id e re d  a s  maximum v a lu e s  f o r  |
j  j
| th e  p e rc e n ta g e  o f  t h e  t o t a l  v a r ia n c e  w h ich  i s  cau sed  j
i I
i  i
| by h e r e d i t y .  In  r e g a r d  t o  m ost c h a r a c t e r s  p e r t a in i n g
I ;
| t o  d a i r y  c a t t l e  p r o d u c t io n ,  th e  a c t u a l  f i g u r e  i s  i n  fa c jt
| c o n s id e r a b ly  lo w er th a n  t h i s .
|
T a b le s  4 9 , 50 and  51 show th e  r e s u l t s  o f  th r e e  
a n a ly s e s  o f  v a r ia n c e  o f  t h e  m ilk  y i e l d ,  p e r s i s t e n c y  andi 
b u t t e r f a t  p e rc e n ta g e  o f  th e  f i r s t  f o u r  l a c t a t i o n s  o f !I
326 cows draw n from  th e  12 h e rd s  . E ach cow had com pletje 
r e c o r d s  f o r  th e  f i r s t  f o u r  l a c t a t i o n s  or m o re . The j  
m ethod o f  a n a ly s i s  i s  s e l f - e x p l a n a t o r y .  The c o e f f ic ie n j t s  
o f  in t r a - c o w  c o r r e l a t i o n  w i th in  h e rd s  w ere c a l c u l a t e d  
a f t e r  e l im in a t io n  o f th e  v a r ia n c e  due t o  a g e .  F o r m illi  
i y i e l d ,  how ever, th e  c o r r e c te d  180 d a y  y ie ld s  w ere  u s e d ,
i
jand h en ce  t h e r e  was no age  v a r i a t i o n .  I t  w i l l  b e
S
o b se rv e d  t h a t  o f  th e  q u a l i t i e s  l i s t e d ,  th e  f a t  c o n te n t  
o f t h e  m ilk  i s  m ost and  th e  p e r s i s t e n c y  i s  l e a s t  
d e p en d e n t on i n d i v i d u a l i t y .
A g a in s t  th e s e  a n a ly s e s  o f  v a r i a t i o n ,  th e  
o b je c t io n  may be r a i s e d  t h a t  th e  m a t e r i a l  was s e l e c t e d ,  
i n  t h a t  a l l  cows w hich  had  n o t com p le ted  th e  f i r s t  f o u r  
l a c t a t i o n s  w ere  e x c lu d e d . But i f  th e  v a r i a t i o n  w i th in  
cows i s  t o  b e  s tu d ie d  a t  a l l ,  e a c h  cow m ust h a v e  com­
p l e t e d  a t  l e a s t  tw o l a c t a t i o n s ,  and  s in c e  s e l e c t i o n  i s
e f f e c t i v e  a s  soon  a s  th e  f i r s t  r e c o r d  i s  CDompleted i t  j
j
i s  e v id e n t ly  im p o s s ib le  to  c a r r y  o u t th e  a n a ly s e s  on j
»
i
u n s e le c te d  m a t e r i a l .  I t  sh o u ld  n e v e r th e le s s  be p o s s ib l e
J
t o  b a se  th e  a n a ly s e s  on a  l e s s  s e l e c t e d  p o p u la t io n  th a h
th e  326 cows u se d  i n  T a b le s  49 to  5 1 , e . g .  by  t a k in g  
cows w hich  h a d  com pleted  o n ly  th r e e  or two l a c t a t i o n s . !
118
Such a n a ly s e s  w ere a l s o  made In  th e  p r e s e n t  s tu d y ,  and 
th e y  w ere h ased  on th e  fo l lo w in g  d a t a : -
( i )  177 cows w hich had  co m p le ted  th e  f i r s t  
t h r e e  l a c t a t i o n s  o n ly ,
( i i )  503 cows w h ich  had  com pleted  th e  f i r s t  
t h r e e  l a c t a t i o n s  o r  m ore.
( i i i )  308 cows w h ich  had  c o m p le te d  th e  f i r s t  
two l a c t a t i o n s  o n ly ,
( i v )  811 cows w h ich  had  co m p le te d  th e  f i r s t  
two l a c t a t i o n s  o r  m o re .
A ppendix  T a b le s  11 t o  22 show th e  r e s u l t s  o f  th e s e  
a n a l y s e s .  I t  i s  e v id e n t  t h a t  t h e  r e s u l t s  p r e s e n te d  in  
T a b le s  4 9 , 50 and 51 to g e th e r  w i th  t h o s e  o b ta in e d  from  
( i )  and ( i i i )  a b o v e , p ro v id e  t h r e e  s e t s  o f  in d e p e n d e n t 
e s t im a te s  of th e  r e p e a t a b i l i t y  s in c e  each  o f them  was 
b a se d  on a  d i f f e r e n t  sam ple  o f  cows draw n from  t h e  pop­
u l a t i o n  o f  12 h e r d s .  The b e s t  e s t im a te s  of th e  i n t r a ­
cow c o r r e l a t i o n s  f o r  m ilk  y i e l d ,  p e r s i s t e n c y  and b u tte ri-  
f a t  p e rc e n ta g e  c o u ld  t h e r e f o r e  be  o b ta in e d  by  a v e ra g in g  
e a c h  o f  th e s e  t h r e e  s e t s  o f  v a lu e s .  T a b le  52 shows th e  
a v e ra g e s  w hich w ere  c a l c u l a t e d  by  w e ig h tin g  e a c h  o f  th e  
i n d iv i d u a l  e s t im a te s  b y  th e  r e c i p r o c a l  o f  i t s  sq u a re d  
s ta n d a r d  e r r o r .  T h is  m ethod i s  n o t w i th o u t  i t s  d i s ­
a d v a n ta g e s ,  b u t i t  does i n  g e n e r a l  g iv e  g r e a t e r  w e ig h t 
t o  th o s e  e s t im a te s  w h ich  w ere  b a sed  on th e  g r e a t e s t  j 
am ount o f d a t a .  By t h i s  m ethod  th e  a v e ra g e  r e p e a t a b i l i t y  
o f  m ilk  y i e l d ,  p e r s i s t e n c y  an d  b u t t e r f a t  p e rc e n ta g e  wasj
i
fo und  t o  b e  0 .4 6 4 , 0 .2 4 2  and 0 .6 9 1  r e s p e c t i v e l y .  j
T able 52
A verage  r e p e a t a b i l i t y  o f  m ilk  y i e l d ,  p e r s i s ­
te n c y  and b u t t e r f a t  p e rc e n ta g e
S o u rc e
In tr a -c o w  c o r r e l a t i o n  w i th in  
h e rd s  a f t e r  e l im in a t io n  o f  
v a r ia n c e  due to  a g e
M ilk  
y i e ld  
(180 d a y s )
P e r s i s ­
te n c y
B u t t e r f a t  
p e r c e n t -  
age
1 .  326 cows w hich 
h ad  com ple ted  
th e  f i r s t  f o u r  
l a c t a t  io n s  o r  
m are .
0 .4 7 2 0 .2 1 7 0 .6 9 5
2 .  177 cows w hich  
had  co m p le ted  
th e  f i r s t  th r e e  
l a c t a t i o n s  
o n ly
0 .3 7 2 0 .2 3 4 0.668
3 .  308 cows w hich 
had  com pleted  
th e  f i r s t  two 
l a c t a t i o n s  o n ly
0 .5 1 7 0 .3 2 9 0 .6 9 9
W eigh ted  a v e ra g e 0 .4 6 4 0 .2 4 2 0 .6 9 1
2 . D au g h ter-d am  c o r r e l a t i o n s  and 
r e g r e s s io n s
I t  has b een  shown by  Lush (1940) t h a t  t h e  re se m b la n c e  
b e tw een  p a r e n ts  and  o f f s p r i n g  i s  g e n e r a l l y  th e  m ost use*
i
j
f u l  f o r  s t u d i e s  r e l a t i n g  t o  th e  h e r i t a b i l i t y  o f m ilk  j
I
and b u t t e r f a t  p r o d u c t io n  in  d a i r y  c a t t l e .  The g e n e r a l  j
!
p r i n c i p l e s  and a p p l i c a t i o n  o f  t h i s  m ethod o f a p p ro a c h  j
I
h a v e  b e e n  d e v e lo p e d  b y  Lush an d  h i s  c o -w o rk e rs  in  a  i
j
s e r i e s  o f  p a p e rs  p u b l is h e d  i n  th e  J o u r n a l  o f D a iry  Scie^ic
and in  th e  P ro c e e d in g s  o f  th e  A m erican  S o c ie ty  o f Animaj
P r o d u c t io n .  The p r i n c i p l e s  in v o lv e d  a r e  b ased  on th e
c o m p u ta tio n  o f  th e  a c t u a l  d i f f e r e n c e s  o b se rv e d  b e tw een
in d iv id u a l s  w h ich  a r e  r e l a t e d  t o  one a n o th e r  i n  s u c h  a
way t h a t  t h e i r  p ro b a b le  g e n e t i c  d i f f e r e n c e s  c o u ld  be
e s t im a te d  fro m  th e  law s o f  i n h e r i t a n c e .
I f  t h e  o b se rv ed  v a r ia n c e  b e tw ee n  in d iv i d u a l s
o
in  any  p o p u la t io n  i s  d e n o te d  b y  , t h i s  c an  be s p l i t
up in to  tw o m ain  p a r t s :  ( i )  th e  v a r ia n c e  due t o  d i f f ­
e re n c e s  i n  h e r e d i t y  cz? , and ( i i )  th e  v a r ia n c e  due  t o
2 o - 2d i f f e r e n c e s  i n  e n v iro n m en t <r^ • The f u n c t io n  _  H
- . 2
i s  th e n  a  m easure  o f  t h e  f r a c t i o n  o f  th e  t o t a l  v a r ia n c e  
t h a t  i s  due t o  h e r e d i t y .  In  th e  c a se  o f  a  s i n g l e  p a ren  
and  o f f s p r i n g  r e l a t i o n s h i p ,  o n ly  one h a l f  o f  t h i s  
f r a c t i o n  i s  m ea su re d , and  t h e r e f o r e  th e  r e s u l t  h a s  t o  
b e  d o u b le d  in  o rd e r  t o  o b ta in  th e  in h e r i t a n c e  fro m  b o th  
p a r e n t s .  In  r e a l i t y ,  h o w ev er, th e  p ro b lem  i s  r a t h e r
more c o m p lic a te d  th a n  t h i s  b r i e f  o u t l i n e  w ould show .
2  2  
The t o t a l  n a r ia n c e  a~Q i s  composed n o t o n ly  o f
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2 2 and b u t  a l s o  o f  a n  a d d i t i o n a l  f r a c t i o n  w hich
i s  due t o  th e  com bined e f f e c t  o f  h e r e d i ty  and e n v ir o n -
H
o
m en t. The f r a c t i o n  <7Zj i t s e l f  may a g a in  be s p l i t  up
2i n t o  ( a )  th e  a d d i t i v e l y  g e n e t ic  p o r t io n  c r a , ( b ) th eo
p
v a r ia n c e  d u e  t o  dom inance d e v ia t io n s  and ( c )  th e
2v a r ia n c e  due  to  e p i s t a t i c  d e v ia t io n s  c . An ex am in -
2| a t i o n  o f th e s e  com ponents o f O q t o g e th e r  w ith  th e
|
!f o l lo w in g  c o n s id e r a t io n s  shows t h a t  f i g u r e s  f o r  h e r i t -  
| a b i l i t y  o b ta in e d  fro m  d a u g h te r-d a rn  s tu d i e s  do n o t  a c t -II
j u a l l y  p ro v id e  a n  e s t im a te  o f th e  t o t a l  v a r ia n c e  due t o  
j  h e r e d i t y .  I t  i s  w e l l  known t h a t  in  th e  t r a n s m is s io n  o f 
j g enes fro m  p a re n t  t o  o f f s p r i n g ,  o n ly  one member o f a  
p a i r  o f  genes c a n  b e  p a s s e d  on th ro u g h  one g a m e te . In  
c o n se q u e n c e , dom inance d e v ia t io n s  a r e  n o t  t r a n s m i t t e d ,
and t h e  g e n e t i c  f r a c t i o n  o b ta in e d  fro m  d a u g h te r-d a m
2 '
i  s t u d i e s  d o es n o t in c lu d e  ° d  • As re g a rd s  e p i s t a t i c
I !
j d e v i a t i o n s ,  o n ly  a s m a ll  f r a c t i o n  w ould be in c lu d e d  |
j ( g e n e r a l l y  a b o u t o n e -ftu rb h ) w h ich  w ould i t s e l f  d e c re a s e
| in  g e o m e tr ic  p r o p o r t io n  t o  th e  num ber o f g en es  t h a t  need
I t o  b e  s im u lta n e o u s ly  p r e s e n t  in  th e  o f f s p r i n g  f o r  th e  j
! i
| m a n i f e s ta t io n  o f  t h e  p a r t i c u l a r  c h a r a c t e r .  T h e r e fo r e ,  j 
d a u g h te r-d a m  s t u d i e s  r e a l l y  p ro v id e  a n  e s t im a te  o f  o n ljj 
th e  v a r ia n c e  due  t o  a d d i t i v e l y  g e n e t ic  d i f f e r e n c e s  and 
a  s m a ll  p a r t  o f  th e  e p i s t a t i c  d i f f e r e n c e s . I f  dom inance 
and  e p i s t a t i c  d e v ia t i o n s  a r e  l a r g e ,  th e n  t h i s  e s t im a te  | 
o f  h e r i t a b i l i t y  w ould b e  somewhat lo w er th a n  th e  t r u e  
v a lu e .  B ut i t  i s  d o u b t f u l  w h e th e r  th e  v a r ia n c e s  due t o




; m ilk  and  b u t t e r f a t  p r o d u c t io n .  A cco rd in g  t o  S e a th  and 
Lush (1940) th e y  a p p e a r  t o  be  u n im p o r ta n t  i n  th e  d i f f e r ­
e n ce s  w i th in  b r e e d s ,  a l th o u g h  t h e i r  d a ta  was r a t h e r  
j s c a n ty  t o  be  v e r y  c o n c lu s iv e .
The a c t u a l  m ethod o f  com puting  h e r i t a b i l i t y  j
I
u s in g  daugjh ter-dam  c o m p a riso n s , i s  by  c a l c u l a t i n g  th e  j 
c o r r e l a t i o n  o r  r e g r e s s io n  o f o f f s p r in g  on dam. I n  many 
k in d s  o f d a t a  su ch  a s  th e  p r e s e n t ,  w here  c o n s id e ra b le  
d i f f e r e n c e s  i n  management and  f e e d in g  p r a c t i c e s  e x i s t  j 
b e tw een  h e r d s ,  i t  i s  n e c e s s a r y  t o  r e s t r i c t  th e  a n a l y s i s
j
t o  a n  i n t r a - s i r e  b a s i s .  As Lush (1942) h as  p o in te d  o u t ,  
^D oub ling  th e  i n t r a - s i r e  r e g r e s s io n  o f  d a u g h te r* s  r e c o rd  
• on dam*s r e c o r d  seem s th e  most d e p en d a b le  m ethod f o r  
j e s t im a t in g  h e r i t a b i l i t y  in  d a ta  l i k e  th e s e  w here th e  
| s i r e  c a n n o t e x p re s s  th e  c h a r a c t e r i s t i c  h im s e l f ,  w here  j
1 th e  dams a r e  l i k e l y  t o  have  b e e n  a  b i t  more h ig h ly  |
!
s e l e c t e d  th a n  th e  d a u g h te r s ,  and  e s p e c i a l l y  b e c a u se  j 
f e e d in g  and  m anagement p r a c t i c e s  a r e  a lm o s t c e r t a i n  t o  j 
h ave  d i f f e r e d  c o n s id e r a b ly  fro m  h e rd  t o  h e r d .*1 !
i
The r e s u l t s  o b ta in e d  by  t h i s  m ethod a r e  p re s e n te d  
a f t e r  a  d i s c u s s i o n  of th e  m easu res o f  in h e r e n t  m ilk in g  
c a p a c i ty ,  p e r s i s t e n c y  and  b u t t e r f a t  p e rc e n ta g e  em ployed 
in  th e  p r e s e n t  s tu d y .
i!
M easures o f in h e r e n t  m ilk in g  c a p a c i ty ,  p e r s i s t e n c y  and j 
b u t t e r f a t  p e rc e n ta g e  emplo y ed
T - _ _ - A   ■ ■ *  ' - - |
Many d i f f e r e n t  m easu res h ave  been  u se d  by  
i n v e s t i g a t o r s  t o  d e n o te  th e  in n a te  p ro d u c in g  a b i l i t y  of 
d a i r y  c a t t l e  in  r e g a r d  t o  m ilk  y i e l d ,  p e r s i s t e n c y  and ; 
b u t t e r f a t  p e r c e n ta g e .  F o r  I n s t a n c e ,  Plum (1 9 3 5 ) u se d
th e  f i r s t  a v a i l a b l e  r e c o r d  o f each  cow f o r  e s t im a t in g  
h e r i t a b i l i t y .  Lush and  S h u l tz  (1938 ) and S e a th  and 
Lush (1940) u se d  th e  h i g h e s t  a g e - c o r r e c te d  r e c o rd  f o r  
some a n im a ls  and th e  a v e ra g e  o f  a  num ber o f  c o r r e c t e d  
| r e c o r d s  f o r  o t h e r s .  I n  more r e c e n t  y e a r s ,  Putnam , j 
| B ow ling  and C o n k lin  (1943 ) h ave  com pared t h e  u s e  o f a g $ -  
! c o r r e c te d  f i r s t  r e c o rd s  w ith  t h e  a v e ra g e  o f a l l  r e c o rd s  
i n  d a u g h te r-d a rn  co m p ariso n s when p ro v in g  s i r e s ,  and 
h a v e  c o n c lu d e d  t h a t  s i n c e  th e  d i f f e r e n c e  i n  th e  r e s u l t s  
o b ta in e d  by  th e  two m ethods was n o t s i g n i f i c a n t ,  a  r e a i  
s a v in g  in  la b o u r  c o u ld  be made i f  f i r s t  r e c o r d s  o n ly  
| a r e  u s e d .
The r e s u l t s  o b ta in e d  fro m  th e  above  s tu d i e s  
show t h a t  when d e a l in g  w i th  a  s u f f i c i e n t l y  l a r g e  p o p - : 
u l a t i o n ,  e q u a l ly  a c c u r a te  e s t im a te s  o f h e r i t a b i l i t y
j
j  c o u ld  b e  o b ta in e d  on th e  b a s i s  o f s in g l e  r e c o rd s  ( f  irs*j;, 
! f i r s t  a v a i l a b l e ,  o r h ig h e s t ) ,  o r  on th e  b a s i s  o f  th e
j I
| a v e ra g e  o f  s e v e r a l  r e c o rd s  p ro v id e d  a d e q u a te  a llo w a n c e  j 
j i s  made f o r  th e  number o f  r e c o r d s  c o n t r ib u t in g  t o  th e  j 
a v e ra g e  ( s e e  b e lo w ) . In  th e  p r e s e n t  s tu d y ,  th e  f i r s t  j 
a v a i l a b l e  r e c o r d  was u sed  a lw a y s , e x c e p t i n  th e  c a s e  o^ 
m ilk  y i e l d  w h e re , f o r  one o f  th e  c o m p u ta tio n s , t h e  
| a v e ra g e  o f  s e v e r a l  r e c o rd s  was a l s o  u s e d .
j
H e r i t a b i l i t y  o f  m ilk  y i e ld
( i )  The m a t e r i a l  f o r  th e  f i r s t  s tu d y  c o n s i s te d  o f 
732  m ates and  d a u g h te r s  o f 65 s i r e s ,  d raw n from  th e  12| 
h e r d s .  The a v e ra g e  num ber o f d a u g h te r-d a rn  com p ariso n s: 
p e r  s i r e  was 11 , th e  minimum num ber b e in g  5 .  F o r ty  p e r 
c e n t ,  o f  th e  s i r e s  had  more th a n  10 d a u g h te r s ,  w h ile
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a b o u t t e n  p e r  c e n t ,  had  more th a n  2 0 . The m ilk  p ro d ­
u c t io n  f i g u r e s  f o r  b o th  d a u g h te r  an d  dam w ere t h e  a v e r ­
ag e  o f a l l  norm al 180 d ay  y i e ld s  t h a t  had  p r e v io u s ly  
b e en  c o r r e c te d  f o r  a g e , m onth of c a lv in g  and l e n g th  o f 
p re c e d in g  c a lv in g  i n t e r v a l .  The r e s u l t s  a r e  sum m arised, 
in  T ab le  5 3 . j
T a b le  55
D augh ter-darn  c o r r e l a t i o n s  and r e g r e s s io n s  
i n  m ilk  y ie ld
Number o f d a u g h te r-d am  p a i r s  * 732
Number o f  s i r e s  ■ 65
A verage  180 day  m ilk  y ie ld  o f  dams * 7 2 3 1 .9  l b .
A verage  180 d ay  m ilk  y i e l d  o f  daughters « 7 2 2 9 .2  l b .
T o ta l  c o r r e l a t i o n  b e tw een  m ilk  y ie ld s
o f d a u g h te r  and  dam * 0 .3 6 2
T o ta l  r e g r e s s io n  o f  d a u g h t e r s  y i e ld
on damf s y i e l d  » 0 .4 1 1
I n t r a - s i r e  d a u g h te r-d a rn  c o r r e l a t i o n
f o r  m ilk  y i e l d  a 0 .1 8 1
I n t r a - s i r e  r e g r e s s io n  o f  d a u g h te r 1s
y i e l d  on damt s y i e l d  a 0 .2 0 7
| The i n t r a - s i r e  d a u g h te r-d a rn  r e g r e s s io n  f o r  m ilk  y i e l d  
! was fo u n d  t o  be  0 .2 0 7 , b a s e d  an 667 d e g re e s  o f  freedom ^ 
T h is  f i g u r e  d e s c r ib e s  th e  r e l a t i o n s h i p  b e tw een  th e  
a v e ra g e  o f  3 .7 9  l a c t a t i o n  r e c o rd s  p e r  dam an d  2 .6 3  
l a c t a t i o n  r e c o r d s  p e r  d a u g h te r .  To e x p re s s  i t  in  term g 
o f  s i n g l e  r e c o r d s ,  l u s h  (1942) h as  s u g g e s te d  th e  
f o l lo w in g  e q u a t io n : -
w here  b I s  th e  r e g r e s s io n  o f d a u g h te r  on dam when s i n g l e  
r e c o r d s  a re  u s e d ,  b f I s  th e  r e g r e s s io n  when l i f e t i m e  
a v e ra g e s  a r e  u s e d , m i s  t h e  a v e ra g e  number o f  l a c t a t i o n  
r e c o rd s  p e r  dam, i s  t h e  r e p e a t a b i l i t y  and c
i s  th e  v a r ia n c e  o f  m . I
The v a r ia n c e  o f  m in  th e s e  d a ta  was 3 .8 7 .  The 
r e p e a t a b i l i t y  w i th in  h e rd s  was 0 .4 6 4  a s  shown in  th e  
p re c e d in g  s e c t i o n .  C o n se q u e n tly  b had  a v a lu e  o f 0 .1 3 3 . 
D o u b lin g  t h i s  y i e ld s  0 .2 6 6  f o r  h e r i t a b i l i t y .
j ( i i )  A s tu d y  o f  th e  h e r i t a b i l i t y  o f  m ilk  p ro d u c t io n  
was a l s o  made on th e  b a s i s  o f  s i n g l e  r e c o r d s .  The 
m a te r i a l  f o r  t h i s  i n v e s t i g a t i o n  c o n s is te d  o f  903 m ates 
and d a u g h te r s  o f 129 s i r e s  from  th e  12 h e r d s .  The 
minimum number o f d a u g h te r-d a rn  p a i r s  p e r  s i r e  i n  t h i s  
d a ta  was 2 , and t h e  com parisons w ere made on th e  b a s i s  
o f  th e  f i r s t  a v a i l a b l e  c o r r e c te d  r e c o r d s  o f  d a u g h te r  
and dam . The r e s u l t s  a r e  p r e s e n te d  I n  T ab le  5 4 . I t  
w i l l  be  o b se rv e d  t h a t  t h e  i n t r a - s i r e  d a u g h te r-d a m  
r e g r e s s io n  was 0 .1 5 7  in  t h i s  m a t e r i a l .  T h is  g iv e s  a  
v a lu e  o f  0 .3 1 4  f o r  t h e  h e r i t a b i l i t y  o f m ilk  y i e l d .
T a b le  54
D augh ter-dam  c o r r e l a t i o n s  a n d  r e g r e s s io n s  
i n  m ilk  y i e ld
Number of d a u g h te r-d a m  p a i r s - 903
Number o f  s i r e s = 129
A verage 180 day  m ilk  y i e l d  o f  dams - 7 2 4 0 .1  lb .
A verage  180 day  m ilk  y i e l d  o f  daugh ter = 7 2 2 7 .0  lb.
T o ta l  c o r r e l a t i o n  be tw een  m ilk  
y i e l d s  o f d a u g h te r  and  dam = 0 .3 0 7
T o ta l  r e g r e s s io n  o f d a u g h te r* s  
y i e l d  on dam*s y i e ld s 0 .3 2 3
I n t r a - s i r e  d a u g h te r-d a m  c o r r e l a t i o n  
f o r  m ilk  y ie ld = 0 .153
I n t r a - s i r e  r e g r e s s io n  o f d a u g h te r* s  
y i e l d  on dam*s y i e l d = 0 .1 5 7
H e r i t a b i l i t y  o f  p e r s i s t e n c y  j
( i )  T a b le  55 shows th e  r e s u l t s  o b ta in e d  from  a 
s tu d y  o f t h e  d a u g h te r-d a rn  c o r r e l a t i o n s  and  r e g r e s s io n s
i
| f o r  p e r s i s t e n c y ,  f ro m  m a t e r i a l  c o n s i s t i n g  o f 732 m ates 
j and  d a u g h te r s  o f 65 s i r e s  from  th e  12 h e r d s .  I t  was 
I b a se d  on th e  f i r s t  a v a i l a b l e  r e c o r d s  o f  d a u g h te r  and
j
j  dam . The i n t r a - s i r e  r e g r e s s io n  c o e f f i c i e n t  was fo u n d
| t o  be  0 .0 6 8 . T h is y i e l d s  0 .1 3 6  f o r  th e  h e r i t a b i l i t y
| o f  p e r s i s t e n c y .  j
! ( i i )  A n o th e r  s tu d y  o f  th e  h e r i t a b i l i t y  o f p e r s i s -  '
i I
I t e n c y  was made on t h e  b a s i s  o f th e  903 d a u g h te r-d a m  !
p a i r s  u se d  i n  T a b le  54 f o r  th e  s tu d y  o f  m ilk  y i e l d .
The r e s u l t s  o f  t h i s  s tu d y  a re  sum m arised in  T ab le  5 6 .
T hey w ere  b a s e d  on th e  f i r s t  a v a i l a b l e  r e c o r d  f o r  b o th
dam and d a u g h te r .  T h ese  r e s u l t s  y i e l d  a n  e s t im a te  o f
h e r i t a b i l i t y  o f  0 .1 1 6  f o r  p e r s i s t e n c y .
Table 55
Daughter-darn c o r r e la t io n s  and re g re s s io n s
In  p e rs is te n c y
Number o f d a u g h te r-d a m  p a i r s ■
1
732
Number o f  s i r e s m 65
A verage  p e r s i s t e n c y  o f dams S 1 .2 4 1 2
A verage  p e r s i s t e n c y  of d a u g h te rs ■ 1.2465
T o ta l  c o r r e l a t i o n  betw een  p e r s i s t e n c y  
o f d a u g h te r  and  dam ■ 0 .1 5 6
T o ta l  r e g r e s s io n  o f  d a u g h te r* s  p e r ­
s i s t e n c y  on dam* s p e r s i s t e n c y m 0 .1 7 8
I n t r a - s i r e  d a u g h te r-d am  c o r r e l a t i o n  
f o r  p e r s i s t e n c y a 0 .0 6 0
I n t r a - s i r e  r e g r e s s io n  o f d a u g h te r* s  
p e r s i s t e n c y  on dam*s p e r s i s t e n c y a 0 .0 6 8
T a b le  56
D augh ter-dam  c o r r e l a t i o n s  and  r e g r e s s io n s  
i n  p e r s i s t e n c y
Number o f  d a u g h te r-d a m  p a i r s  ■ 903
Number o f  s i r e s  - 129
A verage  p e r s i s t e n c y  of dams ■ 1 .2 5 0 8
A verage  p e r s i s t e n c y  o f  d a u g h te r s  ■ 1 .2559
T o ta l  c o r r e l a t i o n  b e tw ee n  p e r s i s t e n c y
o f d a u g h te r  and dam * 0 .1 6 4
T o ta l  r e g r e s s io n  o f d a u g h te r* s  p e r ­
s i s t e n c y  on dam*s p e r s i s t e n c y  * 0 .183
I n t r a - s i r e  d a u g h te r-d am  c o r r e l a t i o n
f o r  p e r s i s t e n c y  * 0 .0 5 4
I n t r a - s i r e  r e g r e s s io n  o f  d a u g h te r* s
p e r s i s t e n c y  on dam*s p e r s i s t e n c y  * 0 .0 5 8
H e r i t a b i l i t y  o f b u t t e r f a t  p e rc e n ta g e
I
t
The h e r i t a b i l i t y  o f b u t t e r f a t  p e rc e n ta g e  was j
a l s o  s tu d ie d  w i th  th e  same m a t e r i a l  a s  th a t  u se d  f o r  j
I
m ilk  y i e l d  and  p e r s i s t e n c y .  The r e s u l t s  a r e  sum m arise^
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i n  T a b le s  57 and 5 8 . I n  e a c h  c a s e ,  th e  f i r s t  a v a i l a b l e  
r e c o rd  was u sed  a s  th e  b a s i s  of t h e  d a u g h te r-d am  com-
i
p a r i s o n s .  The i n t r a - s i r e  r e g r e s s io n  c o e f f i c i e n t s  w ere 
fo u n d  t o  b e  o f t h e  o rd e r  0 .2 8 1  and 0 .2 7 1  r e s p e c t i v e l y  
f o r  th e  two s t u d i e s .  T h e re fo re  t h e  h e r i t a b i l i t y  o f 
b u t t e r f a t  p e rc e n ta g e  c o u ld  b e  e s t im a te d  a c c o rd in g ly  a s  
0 .5 6 2  and  0 .5 4 2 .
T ab le  57
D au g h ter-d am  c o r r e l a t i o n s  and r e g r e s s io n s  
i n  b u t t e r f a t  p e rc e n ta g e
Number o f  d a u g h te r-d a m  p a i r s  = 732
Number o f  s i r e s  ■ 65
A v erag e  f a t  p e rc e n ta g e  o f dams ■ 3 .9 5  %
A verage  f a t  p e rc e n ta g e  o f d a u g h te rs  -  4 .0 7  %
T o ta l  c o r r e l a t i o n  b e tw een  f a t  p e r c e n t ­
a g es  o f  d a u g h te r  and  dam * 0 .4 2 6
T o ta l  r e g r e s s io n  o f  d a u g h te r* s  f a t  p e r ­
c e n ta g e  on dam’ s f a t  p e rc e n ta g e  = 0 .4 7 3
I n t r a - s i r e  d a u g h te r-d a m  c o r r e l a t i o n
f o r  f a t  p e rc e n ta g e  * 0 .2 6 5
I n t r a - s i r e  r e g r e s s io n  of d a u g h te r ’ s 
f a t  p e rc e n ta g e  on dam’ s f a t  
p e rc e n ta g e  = 0 .2 8 1
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T a b le  58 j
D augh ter-dam  c o r r e l a t i o n s  and r e g r e s s io n s  j
i n  b u t t e r f a t  p e rc e n ta g e
\
ii
! The fo re g o in g  e s t im a te s  o f h e r i t a b i l i t y  may
be sum m arised in  th e  f o l lo w in g  fo rm  : -
H e r i t a b i l i t y  o f m ilk  y i e l d   ........... 0 .2 5  t o  0 .3 0
H e r i t a b i l i t y  o f  p e r s i s t e n c y   ............... 0 .1 0  to  0 .1 5
H e r i t a b i l i t y  o f  b u t t e r f a t
p e rc e n ta g e   .......... 0 .5 0  t o  0 .6 0
In  n o n - s t a t i s t i c a l  la n g u a g e , t h i s  means t h a t  th e  d i f f ­
e re n c e  be tw een  th e  b re e d in g  v a lu e  o f a n y  two cows w as, 
on th e  a v e ra g e ,  a b o u t one q u a r t e r  o f th e  d i f f e r e n c e  
be tw een  t h e i r  m ilk  y i e l d s ,  one e ig h th  o f  th e  d i f f e r e n c e  
b e tw een  t h e i r  p e r s i s t e n c y ,  and  one h a l f  o f  t h e  d i f f e r - !  
e n ce  b e tw ee n  t h e i r  b u t t e r f a t  p e rc e n ta g e s  . j
Number o f d a u g h te r-d a m  p a i r s  * 903
Number o f  s i r e s  = 129
A verage f a t  p e rc e n ta g e  o f  dams » 3 .9 7 $
A verage  f a t  p e rc e n ta g e  o f d a u g h te r s  * 4 .0 8 $
T o ta l  c o r r e l a t i o n  be tw een  f a t  p e r ­
c e n ta g e s  o f  d a u g h te r  and dam 3 0 .3 9 6
T o ta l  r e g r e s s io n  o f d a u g h t e r s  f a t  
p e rc e n ta g e  on dam1 s f a t
p e rc e n ta g e  •  0 .4 3 0
I n t r a - s i r e  d a u g h te r-d a m  c o r r e l a t i o n
f o r  f a t  p e rc e n ta g e  * 0 .2 5 6
I n t r a - s i r e  r e g r e s s io n  o f  d a u g h t e r s  
f a t  p e rc e n ta g e  on dam’ s f a t  
p e rc e n ta g e  ■ 0 .2 7 1
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T hese f i g u r e s  a r e  in  ag reem en t w i th  th e  r e s u l t î
o b ta in e d  by  p re v io u s  i n v e s t i g a t o r s  f o r  th e  h e r i t a b i l i t y  
o f m ilk  o r b u t t e r f a t  y i e ld  and  b u t t e r f a t  p e rc e n ta g e  
( lu s h  1 940 , L ush , N o rto n  and  A rno ld  1941, and T y le r  
and H y a tt  1 9 4 7 ) , They show t h a t  th e  m a jo r  so u rc e  o f 
e r r o r  in  c o n n e c tin g  an  a n im a lfs p h eno type  w i th  i t s  
r e a l  b re e d in g  w o rth  l i e s  i n  th e  e n v iro n m e n ta l c irc u m - j 
s t a n c e s  t o  w h ich  th e  a n im a l i s  s u b j e c t .  The g e n e t ic  
f r a c t i o n  o f th e  v a r ia n c e  i s  su c h  t h a t ,  i f  cows s e l e c t e d  
t o  b e  p a r e n t s  o f  th e  n e x t g e n e r a t io n  exceed  th e  h e rd  
a v e ra g e  by  100 g a l lo n s  o f  m i lk ,  t h e i r  d a u g h te rs  w i l l  
ex ceed  i t  by  o n ly  a b o u t 12k g a l lo n s  . I t  may a p p e a r  
fro m  t h i s  t h a t  g r e a t e r  p r o g r e s s  in  d a i r y  c a t t l e  im provb 
m ent can  be a c h ie v e d  by  c o n c e n t r a t in g  more on e n v iro n ­
ment r a t h e r  th a n  on h e r e d i t y .  N e v e r th e le s s ,  g e n e t i c  
d i f f e r e n c e s  b e tw een  in d iv id u a ls  a r e  p r e s e n t  on a  
s u f f i c i e n t l y  la rg e  s c a le  in  d a i r y  c a t t l e ,  t o  p ro v id e  
a n  a d e q u a te  b a s i s  f o r  s u b s t a n t i a l  I n c r e a s e s  i n  p ro d ­
u c t i o n ,  o v e r and above any  w hich  may be b ro u g h t a b o u t 
b y  im proved e n v iro n m e n t. H ow ever, i t  i s  o n ly  by  a  
s u c c e s s f u l  d o v e t a i l i n g  o f  e n v iro n m e n ta l and g e n e t i c a l  
m ethods t h a t  th e  d a i r y  fa rm e r  can  hope t o  d e r iv e  th e  
g r e a t e s t  b e n e f i t s  f o r  h i s  la b o u rs  •
PART VI
G e n e ra l  C o n s id e r a t io n s , 
Summary and  C o n c lu s io n s
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PABT V I  |
G e n e ra l C o n s id e r a t io n s 3 Summary and C o n c lu s io n s
G e n e ra l C o n a ld e ra tIo n s
The p rob lem  of e v a lu a t in g  th e  b re e d in g  w o rth  o f a n  
; a n im a l i s  h ig h ly  im p o r ta n t t o  th e  p r a c t i c a l  fa rm e r  whoj
| a im s a t  im prov ing  th e  p ro d u c t iv e  l e v e l  of h i s  s t o c k .  !
1 |
| F o r  m ost q u a n t i t a t i v e  c h a r a c t e r i s t i c s  su c h  a s  m ilk
{  j
| p ro d u c t io n  i n  d a i r y  c a t t l e ,  t h i s  i s  r e n d e re d  d i f f i c u l t !
I |
j by  th e  a p p a re n t  la c k  o f  c o n n e c tio n  b e tw een  th e  in d iv -  |
i i
I id u a l» s  p h en o ty p e  and i t s  t r u e  b re e d in g  v a lu e .  S in c e  |
I i
; th e  p ro d u c t io n  o f  a  cow depends p a r t l y  on th e  e n v iro n - ;  
m ent t o  w h ich  sh e  i s  exposed  and p a r t l y  on h e r  in n a te  
p o t e n t i a l i t i e s ,  any  a t te m p t  to  e v a lu a te  th e  l a t t e r  
w ould  be s u b je c t  t o  some e r r o r  fro m  m is ta k in g  th e  
e f f e c t s  o f  e n v iro n m en t f o r  th e  e f f e c t s  o f g e n e s .  The 
g r e a t e r  t h e  e n v iro n m e n ta l  v a r i a t i o n  t o  w h ich  th e  cow 
; i s  e x p o se d , th e  g r e a t e r  w i l l  be th e  amount o f  e r r o r  in  
j ju d g in g  th e  cow on th e  b a s i s  o f h e r  o b se rv e d  p ro d u c tio n .
| In  co n seq u en ce  i t  i s  n e c e s s a r y  t o  make due
| a llo w a n c e  f o r  th e  e n v iro n m e n ta l  e f f e c t s  f o r  th e  p ro p e r
| e s t im a t io n  o f  a  cow*s b re e d in g  w o r th . T h is  In v o lv e s
|
I th e  c o r r e c t i o n  o f  t h e  o b se rv e d  p h e n o ty p ic  v a lu e s  t o
I i
j w hat th e y  w ould p ro b a b ly  h ave  been  i f  th e y  w ere  made ! 
i |
i u n d e r  s ta n d a rd  c o n d i t io n s  o f e n v iro n m e n t. G e n e r a l ly ,  j
I t h e  m ost im p o r ta n t  o f  th e  e n v iro n m e n ta l  e f f e c t s  f o r
w h ich  c o r r e c t i o n  sh o u ld  be made a re  th o s e  due t o  a g e
i
and due to  d i f f e r e n c e s  i n  f e e d in g  and  management -  i f  ■
j
th e s e  c o u ld  b e  e s t im a te d  s a t i s f a c t o r i l y .  L eng th  o f
i
c a lv in g  i n t e r v a l s  may a l s o  need  to  be ta k e n  i n to  a c c o u h t
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i f  th e y  w ere  u n u s u a l ly  s h o r t  o r  lo n g , w h ile  m onth of 
c a lv in g  may h e  im p o r ta n t  in  h e rd s  w here th e  d i f f e r e n c e s  
i n  p ro d u c t io n  b e tw een  summer and w in te r  c a lv e r s  a r e  
c o n s id e r a b le .  I f  th e s e  f a c t o r s  a r e  a d e q u a te ly  a llo w e d  
f o r ,  o n ly  a  l i t t l e  g a in  in  a c c u ra c y  w ould b e  a c h ie v e d
!
by  o th e r  c o r r e c t io n s  • But i t  i s  im p o r ta n t  t h a t  w h a te v e r  
| c o r r e c t i o n s  a r e  m ade, th e y  sh o u ld  be w e l l  founded  a n d
| s h o u ld  be a p p l i c a b l e  t o  th e  p a r t i c u l a r  p o p u la t io n .
* ! 
j T h is  p o in t  was w e ll  i l l u s t r a t e d  by  t h e  c o r r e c t io n s  f o r
I ;
; m onth of c a lv in g  u sed  i n  th e  p r e s e n t  s tu d y .  I t  was
I
: fo u n d  fro m  t h e  a n a ly s e s  o f  h e rd  month I n t e r a c t io n s  i n  ;
; m ilk  y i e l d  and p e r s i s t e n c y  t h a t  d i f f e r e n t  h e rd s  re sp o n d  
ded d i f f e r e n t l y  t o  m onth  o f c a lv in g .  T h is  m eant t h a t  j 
i f  th e  c o r r e c t i o n s  f o r  m onth o f  c a lv in g  a r e  t o  b e
a p p r o p r i a t e ,  th e y  s h o u ld  be c a l c u l a t e d  on a  w i th in -  I
1
h e rd s  b a s i s  so  a s  to  be t r u l y  a p p l i c a b le  t o  th e  c o n -  
| d i t i o n s  o b ta in in g  w i t h i n  th e  p a r t i c u l a r  p o p u la t io n .
I t  s h o u ld , ho w ev er, b e  p o in te d  o u t t h a t  c o r r -
i i
I e c t io n s  b a sed  on p o p u la t io n  s t u d i e s  do n o t e x a c t ly  j
I |
| a l lo w  f o r  th e  e f f e c t  w hich  a  d i f f e r e n c e  i n  e n v iro n m en t f  
|  a l  c o n d i t io n s  had  on a l l  i n d iv id u a l  r e c o r d s .  F o r  j
j  !
j ex am p le , an  in c r e a s e  i n  le n g th  o f th e  p re c e d in g  c a lv in g  
i i n t e r v a l  by  10 d a y s  was fo u n d  t o  r a i s e  th e  180 d ay  milfc
I y i e l d  by  a b o u t 20 t o  30 l b . ,  y e t  n o t a l l  i n d iv id u a l
i  :
j cows w ould show e x a c t l y  t h i s  same r e s p o n s e  t o  th e  
j ;
j in c r e a s e d  l e n g th  o f th e  p re c e d in g  c a lv in g  i n t e r v a l .
T h is  i s  t r u e  n o t o n ly  o f  t h e  e f f e c t  o f  c a lv in g  i n t e r v a l
b u t  a l s o  o f  th e  e f f e c t  o f  o th e r  e n v iro n m e n ta l c o n d i t io n s
t o  w hich  th e  cows a r e  e x p o se d . T h e r e fo r e ,  f o r  p r a c t i c a l
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p u rp o se s  i t  i s  e s s e n t i a l  t h a t  su c h  c o r r e c t i o n  f a c t o r s  
a s  a r e  u s e d , s h o u ld  b e  su p p lem en ted  by a d e q u a te  know­
le d g e  o f t h e  en v iro n m en t o f  each  in d iv id u a l  cow* The 
c o r r e c t i o n  and  i n t e r p r e t a t i o n  o f th e  r e c o r d s  must be 
done i n t e l l i g e n t l y  i n  r e l a t i o n  t o  th e  p a r t i c u l a r  c o n -  ■ 
d i t i o n s  u n d e r  w h ich  th e y  w ere  m ade, and  in  r e l a t i o n  to  
o th e r  f a c t o r s  r e l e v a n t  t o  th em . I t  i s  o n ly  by  t h i s  
m ethod t h a t  t h e  d a i r y  fa rm e r c a n  hope to  d e r iv e  th e  
b e s t  p o s s ib l e  r e s u l t s  i n  e v a lu a t in g  th e  p ro b a b le  
b r e e d in g  w o r th  o f an  i n d iv id u a l  cow. B ut i n  t h i s  con-! 
n e c t io n ,  th e  n o te  o f  w arn in g  g iv e n  by  Lush (1946) 
s h o u ld  a l s o  be rem em bered -  Mth e  man who w orks w i th  
h i s  a n im a ls  d a i l y  i s ,  how ever, more l i k e l y  t o  make to o  
much a llo w a n c e  f o r  h i s  f a v o u r i t e s  w ith o u t b e in g  aw are  ; 
t h a t  he  i s  d o in g  s o . H
F o r a  know ledge o f th e  p ro b a b le  b re e d in g  worth! 
o f  a n  a n im a l ,  i f  i s  a l s o  su p rem ely  im p o r ta n t  to  o b ta in !  
in fo rm a tio n  r e g a r d in g  th e  h e r i t a b i l i t y  o f  th e  c h a ra c -  j
I
t e r i s t i c s  u n d e r c o n s i d e r a t i o n .  In  f a c t ,  th e  c h o ic e  ofj 
a n  e f f i c i e n t  b re e d in g  sy s te m  i s  b a s i c a l l y  c o n d it io n e d  
b y  know ledge o f th e  r a t e  o f g e n e t i c  im provem ent p o s s ib le  
f o r  th e  d e s i r e d  c h a r a c t e r i s t i c s .  I f  th e  c h a r a c t e r i s t i c s  
a r e  h ig h ly  h e r e d i t a r y  i t  w ould  in d ic a t e  t h a t  mass 
s e l e c t i o n  on th e  b a s i s  o f  th e  i n d i v i d u a l s  own ph en o ­
ty p e  w ould  be th e  b e s t  m ethod o f  b re e d in g  t h a t  th e  
fa rm e r  c o u ld  a d o p t i n  o rd e r  t o  a t t a i n  h i s  g o a l .  On 
t h e  o th e r  h a n d , i f  h e r i t a b i l i t y  i s  low i t  w ou ld  p o in t  
t o  t h e  a d o p tio n  o f a  sy s te m  o f b re e d in g  w h ich  in v o lv e s  
th e  g r e a t e r  u se  o f  p e d ig r e e ,  r e l a t i v e s  and p ro g en y  t e s t s .
In fo rm a tio n  r e g a rd in g  th e  l a t t e r  i s  p a r t i c u l a r l y  im p o r t­
a n t  i n  m ilk  p ro d u c tio n  n o t o n ly  on a c c o u n t o f  th e  low 
h e r i t a b i l i t y  o f t h i s  t r a i t ,  h u t  a l s o  b e c a u se  o f  th e  f a c t  
; t h a t  in  d a i r y  c a t t l e  o n ly  th e  cow can  be ju d g ed  on h e r  j 
p h en o ty p e  and  th e  b u l l  m ust a lw ays be  a s s e s s e d  on th e  |
i
b a s i s  o f h is  p e d ig r e e ,  r e l a t i v e s  o r p ro g e n y . i
j The r e s u l t s  o f  th e  p r e s e n t  s tu d y  in d ic a te d
>
i
' t h a t  th e  h e r i t a b i l i t y  o f m ilk  y i e l d ,  p e r s i s t e n c y  an d
! I
b u t t  e r f  a t  p e rc e n ta g e  a r e  o f th e  o rd e r  0 .2 5 - 0 .3 0 ,  0 .1 0 -  |
j  •
|0 .1 5  and 0 .5 0 - 0 .6 0  r e s p e c t i v e l y .  These f i g u r e s  w ere j
I I
i j
I c a l c u l a t e d  a f t e r  d ie  a llo w an ce  was m ade, w h erev e r
I
; n e c e s s a r y ,  f o r  th e  e n v iro n m e n ta l f a c t o r s  -  a g e , m onth j 
o f  c a lv in g  and  c a lv in g  i n t e r v a l s .  They show th e r e f o r e  j  
t h a t  even  a f t e r  a llo w a n c e  has b e e n  made f o r  th e s e
i
f a c t o r s ,  t h e r e  i s  s t i l l  a  la rg e  amount o f v a r i a t i o n
: s
I w i th in  h e rd s  due to  ch an c e  d i f f e r e n c e s  i n  th e  e n v iro n -
j
jm e n t. T hese a c c o u n t f o r  a b o u t t h r e e - q u a r t e r s ,  s e v e n -
i
j e ig h th s  and o n e - h a l f  o f a l l  th e  d i f f e r e n c e s  betw een  j 
| s i n g l e  r e c o r d s  found  i n  an y  one h e rd  In  m ilk  y i e l d ,  |
|  i
| p e r s i s t e n c y  an d  b u t t  e r f  a t  p e rc e n ta g e  r e s p e c t i v e l y .  I n i  
|  o th e r  w o rd s , i f  two cows d i f f e r  by  100 g a l lo n s  i n  m ilk  j
i  j
| y i e l d  f o r  ex am p le , o n ly  a b o u t 25 g a l lo n s  o f t h i s  d i f f -  j
I |
! e re n c e  i s  d e te rm in e d  by  g e n e t ic  c a u s e s ,  and  when m ated  !
| |
| t o  t h e  same b u l l  th e  d a u g h te r s  o f th e s e  two cows w i l l  [
\ \
j o n ly  d i f f e r  by  1 2 .5  g a l lo n s  on th e  a v e r a g e .  T h is
- i
a c c o u n ts  f o r  th e  h o s t  o f  d is a p p o in tm e n ts  e n c o u n te re d  bjj- 
many d a i r y  fa rm e rs  who f i n d  t h a t  th e  d i f f e r e n c e  i n  
y i e l d  b e tw ee n  tw o a n im a ls  i s  n o t  a  d i r e c t  r e f l e c t i o n  
o f  t h e  o b se rv e d  d i f f e r e n c e  b e tw een  t h e i r  p a r e n t s .
I t  i s ,  how ever, im p o r ta n t to  n o t ic e  t h a t  a l l  ! 
th e s e  f a c t s  a p p ly  o n ly  t o  a v e ra g e  and n o t  t o  in d iv id u a l ,  
c a s e s .  N e v e r th e le s s ,  th e y  do in d i c a t e  w hat th e  p ro b ­
a b i l i t i e s  a r e  f o r  in d iv id u a l  m a tin g s , and  by  u s in g  them 
j u d ic i o u s l y  th e  d a i r y  fa rm e r  w i l l  be  a b le  t o  a s s e s s  th e
I p ro b a b le  g e n e t ic  v a lu e  o f h i s  s to c k  p r o f i t a b l y .
In  c o n c lu s io n ,  i t  may th e r e f o r e  be s t a t e d  t h a t
j s in c e  g e n e t ic  d i f f e r e n c e s  b e tw een  cows a r e  o v e r l a id  by
j  e n v iro n m e n ta l  ones t o  a  v e ry  la r g e  e x t e n t ,  i t  i s  o f  th e
I
j u tm o s t im p o rta n c e  in  p r a c t i c a l  b r e e d in g  to  d is c o u n t  th e
I
j l a t t e r  a s  f a r  as p o s s ib le  In  o rd e r  t o  o b ta in  a  p ro p e r
I
|e s t im a t i o n  o f  th e  fo rm e r .  W e ll-b a se d  c o r r e c t i o n s  f o r  
known e n v iro n m e n ta l  in f lu e n c e s  and th e  a p p l i c a t i o n  o f 
th e  p r e s e n t  know ledge o f h e r e d i ty  a r e  two m ethods which 
e v e ry  p r a c t i c a l  fa rm e r  c o u ld  combine and  u se  t o  h i s
ja d v a n ta g e .
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Summary and ConelusIona
1* A s t a t i s t i c a l  s tu d y  o f th e  c a u se s  o f  v a r i a t i o n
in  m ilk  y i e l d ,  p e r s i s t e n c y  and  b u t t e r f a t  p e rc e n ta g e  has 
b e en  made on t h e  b a s i s  o f  5000 l a c t a t i o n  r e c o r d s  fro m  !
12 le a d in g  h e rd s  o f  A y rs h ire  c a t t l e  i n  s o u th -w e s t  
S c o t la n d ,  f o r  th e  p e r io d  1930-1959 .
i
: 2# The u n i t  o f  m easurem ent o f m ilk  p ro d u c tio n
em ployed was th e  y i e ld  d u r in g  th e  f i r s t  180 days o f  t h e
i
l a c t a t i o n  p e r i o d .  T h is  e l im in a te d  th e  e f f e c t  o f 
v a r i a t i o n s  i n  l e n g th  o f c u r r e n t  c a lv in g  i n t e r v a l  on 
m ilk  y i e l d .  P e r s i s t e n c y  was m easu red  a s  th e  r a t i o  o f 
A-B t o  B w h ere  A was th e  m ilk  y i e l d  d u r in g  th e  f i r s t  
180 days an d  B was th e  i n i t i a l  m ilk  y i e l d  d u r in g  th e  j 
f i r s t  10 w eeks o f  l a c t a t i o n .  F o r t h e  i n v e s t i g a t i o n s
i
on b u t t e r f a t  p e r c e n ta g e ,  th e  a v e ra g e  b u t t e r f a t  p e r c e n t4
I
a g e  o f  t h e  m ilk  s e c r e t e d  d u r in g  t h e  t o t a l  l a c t a t i o n
it
p e r io d  was u t i l i s e d ,  s in c e  c a lv in g  i n t e r v a l  was found
i
t o  h av e  l i t t l e  o r  no in f lu e n c e  on i t .  j
j
3 .  A s tu d y  o f  th e  a c c u ra c y  of m ilk  y ie ld  d e t e r -  j
m in a tio n s  made under t h e  o f f i c i a l  S c o t t i s h  m ilk  record-* 
in g  sy s te m  was c a r r i e d  ou t by  u s in g  d a ta  from  t h e  Kirk-* 
h i l l  h e rd  b e lo n g in g  t o  th e  Hannah I n s t i t u t e .  T h is  here), 
was re c o rd e d  on th e  o f f i c i a l  sy s te m  s in c e  i t s  in c e p tio ik , 
and d a l l y  r e c o r d s  w ere  a l s o  k e p t .  I t  was fo u n d  t h a t  
a l th o u g h  th e  y i e ld s  by  th e  o f f i c i a l  r e c o r d in g  sy s te m  
w e re , on t h e  a v e r a g e ,  a b o u t 5 p e r  c e n t ,  higher* th a n  th e  
c o r re s p o n d in g  y i e l d s  o b ta in e d  by  d a i l y  r e c o r d in g ,  th e y  
a r e  s u f f i c i e n t l y  a c c u r a te  t o  be u se d  f o r  g e n e t i c a l  s t u d i e s
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4 .  P r e l im in a ry  a n a ly s e s  o f th e  d a ta  fro m  th e  12
h e rd s  i n v e s t i g a t e d ,  showed a n  a v e ra g e  180 day  m ilk  y i e l d  
o f  6600 l b ,  f o r  t h e  t o t a l  p o p u la t io n .  The mean age a t  
f i r s t  c a lv in g  was 2 y e a r s  and 9 m on ths, and  th e  c a lv in g  
i n t e r v a l s  w ere  a b o u t 30 d a y s  lo n g e r  f o r  t h e  f i r s t  l a c t ­
a t i o n  th a n  f o r  su b se q u e n t o n e s . L eng th  o f d ry  p e r i o d s ,  
h o w ev er, v a r i e d  v e ry  l i t t l e  from  one l a c t a t i o n  t o  a n o th e r .
5* Prom a  s tu d y  o f  th e  n o n -g e n e t ic  c au se s  o f
v a r i a t i o n  i n  m ilk  y i e l d ,  i t  was c o n c lu d ed  t h a t  th e  i n t e r ­
r e l a t i o n s  among th e  n o n - g e n e t ic  v a r i a b le s  sh o u ld  be 
c o n s id e re d  when d e v is in g  s u i t a b l e  c o r r e c t io n s  f o r  t h e i r  
in f lu e n c e  on m ilk  y i e l d .  C o r re c t io n s  w ere fo und  t o  b e  
n e c e s s a r y  f o r  f o u r  f a c t o r s ;  m onth of c a lv in g ,  l a c ta t i c in  
num ber, age  a t  c a lv in g  and  le n g th  o f  p re c e d in g  c a lv in g  I 
i n t e r v a l .
i
]
6 .  The e f f e c t  o f  m onth o f  c a lv in g  on m ilk  y i e l d
v a r ie d  s i g n i f i c a n t l y  b e tw een  h e r d s ,  and i t  was shown ! 
t h a t  c o r r e c t i o n  f a c t o r s  f o r  month o f  c a lv in g  sh o u ld  be j
I c a l c u l a t e d  on a  w i th in - h e r d s  b a s i s .  The a v e ra g e  d i f f -  j
e re n c e  i n  180 d ay  m ilk  y i e l d  b e tw een  t h e  su ianer and  
•; S
w in te r  c a lv e r s  o f  a l l  h e rd s  was a b o u t 10 p e r  c e n t ,  i n  \
f a v o u r  o f w in te r  c a l v e r s .
7 .  A s tu d y  o f  t h e  v a r i a t i o n  o f m ilk  y i e l d  w i th
i age  showed t h a t  t h e  m ilk  y i e l d  o f a cow i s  in f lu e n c e d
j b o th  by  th e  num ber o f  h e r  p re v io u s  l a c t a t i o n s  and a l s o
|
b y  h e r  age  a t  c a lv in g .  The ty p e s  o f  c o r r e c t io n s  f o r  
|a g e  em ployed by  p re v io u s  i n v e s t i g a t o r s  have b een
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d i s c u s s e d ,  and i t  was shown t h a t  p e rc e n ta g e  c o r r e c t io n s  
a r e  th e  m ost s a t i s f a c t o r y .
8 .  The v a r i a t i o n  o f  m ilk  y i e ld  w i th  le n g th  o f
p re c e d in g  c a lv in g  i n t e r v a l  showed a  p ronounced  p o s i t iv e !  
t r e n d .  Prom a n  econom ic p o in t  o f  v iew , how ever, t h e  j  
j optimum le n g th  o f  c a lv in g  i n t e r v a l  was fo u n d  t o  be  
a b o u t 400 d ay s  f o r  th e  f i r s t  l a c t a t i o n ,  and  a b o u t a
j y e a r  f o r  su b se q u e n t o n e s . C o r re c t io n s  f o r  l e n g th  o f
j p re c e d in g  c a lv in g  i n t e r v a l ,  l i k e  th o s e  f o r  a g e ,  w e re
! ; 
im ost s a t i s f a c t o r y  when th e y  w ere  p r o p o r t io n a te  and n o t
a d d i t i v e .
9 .  The e f f e c t  o f  c o r r e c t io n s  f o r  n o n -g e n e t ic
i
in f lu e n c e s  on th e  v a r ia n c e  i n  m ilk  y ie ld s  h as b e e n
1
d i s c u s s e d .  I t  w as e s t im a te d  t h a t  a  r e d u c t io n  o f  2 7 .1  j 
p e r  c e n t ,  o f  th e  t o t a l  v a r ia n c e  was a c c o m p lish e d  througj] 
\ t h e s e  c o r r e c t i o n s • IJ }
f  !
;  j
1 0 . The r e l a t i v e  v a lu e  o f t h e  f i r s t  t h r e e  r e c o rd s  
j  as  i n d i c a t o r s  o f th e  cow*s r e a l  p ro d u c in g  a b i l i t y  was
i
; i n v e s t i g a t e d ,  and no s i g n i f i c a n t  d i f f e r e n c e s  w ere  j
; 1 
j fo u n d  t o  e x i s t  among th e  f i r s t  t h r e e  r e c o rd s  in  t h i s  j
j r e s p e c t .  I t  was a l s o  shown t h a t  th e  p ro b a b le  p e r f o r -  j
j mance o f a  cow in  any  l a c t a t i o n  c o u ld  be p r e d i c te d  a s  j
i ?
! a c c u r a t e l y  from  th e  l a c t a t i o n  im m e d ia te ly  p re c e d in g  i t  j
j '
| a s  fro m  th e  a v e ra g e  o f a  num ber o f p re v io u s  l a c t a t i o n s  4
i
i  '
1 1 . S i g n i f i c a n t  d i f f e r e n c e s  In  m ilk  y ie ld  w ere 
d e m o n s tra te d  b e tw een  h e rd s  an d  y e a rs  in  t h e  m a t e r i a l  
s t u d i e d .  S i g n i f i c a n t  h e rd  y e a r  i n t e r a c t i o n s  w ere a l s o  
n o te d •
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j
1 2 , The e f f e c t  on h e rd  im provem ent o f s e l e c t i n g
b re e d in g  fe m a le s  was i n v e s t i g a t e d ,  and  i t  was shown t h a t  
jv ery  l i t t l e  g e n e t ic  p ro g re s s  was a c t u a l l y  a t t a i n e d  by 
t h i s  m e th o d .
j  i
11 3 . The m ethods employed b y  p re v io u s  i n v e s t i g a t o r s  I
i  j
: j
I f o r  th e  m easurem ent o f  t h e  shape o f  th e  l a c t a t i o n  c u rv ei
h a v e  b een  d is c u s s e d  i n  th e  l i g h t  o f  p r e s e n t  f i n d i n g s .
1 4 . The i n t e r - r e l a t i o n s h i p s  o f  p e r s i s t e n c y  and
i n i t i a l  and  180 d ay  m ilk  y i e ld s  w ere  s t u d i e d ,  and  i t  
jwas shown t h a t  on a  betw een-cow s b a s i s  th e  th r e e  c h a r -
i
I a c t e r i s t i c s  a r e  c o m p a tib le .I
1 5 . The in f lu e n c e  o f  m onth o f  c a lv in g  on p e r s i s t e n c y
h a s  b e e n  a n a ly s e d ,  and a d e q u a te  c o r r e c t i o n  f a c t o r s  !
; 1
have b e e n  a r r iv e d  a t .  !
! 1 6 . The v a r i a t i o n  o f  p e r s i s t e n c y  w i th  age  and
| le n g th  o f  p re c e d in g  c a lv in g  i n t e r v a l  h a s  a l s o  b e e n  
i n v e s t i g a t e d .  I t  was fo u n d  t h a t  a llo w a n c e  m ust be made 
f o r  th e  h ig h  p e r s i s t e n c y  o f  f i r s t  c a lv e r s  when com par­
in g  cows w i th  d i f f e r e n t  l a c t a t i o n s  •
1 7 . The b u t t e r f a t  p e rc e n ta g e  o f  t h e  m ilk  seem ed toj
I
be in f lu e n c e d  o n ly  t o  a  v e ry  s l i g h t  e x te n t  by  v a r i a t i o n s  
in  month o f  c a lv in g ,  ag e  and le n g th  o f c a lv in g  i n t e r v a l s  •
The r e l a t i o n s h i p  b e tw e e n  t o t a l  m ilk  y i e ld  and  b u t t e r f a t  
p e rc e n ta g e  was a l s o  s t u d i e d ,  and  i t  was shown t h a t  t h e r e  
i s  no  cau se  f o r  any  p e s s i m i s t i c  b e l i e f  t h a t  b re e d in g  
f o r  h ig h e r  m ilk  y i e l d  w ould d e c r e a s e  th e  b u t t e r f a t  
p e rc e n ta g e  a p p re c ia b ly  o r v ic e  v e r s a .  !
|1 8 .  The r o l e  o f h e r e d i ty  i n  t h e  v a r i a t i o n  of m ilk  •
t ;
! y i e l d ,  p e r s i s t e n c y  and  b u t t e r f a t  p e rc e n ta g e  h a s  b e en  j
;  j
a n a ly s e d  by  means o f in t r a - c o w  c o r r e l a t i o n s  w i th in
h e r d s ,  and  i n t r a - s i r e  d a u g h te r-d a m  r e g r e s s i o n s .  The
a v e ra g e  r e p e a t a b i l i t y  o f  m ilk  y i e l d ,  p e r s i s t e n c y  and
b u t t e r f a t  p e rc e n ta g e  was fo und  to  b e  0 .4 6 ,  0 .2 4  and
0 .6 9  r e s p e c t i v e l y ,  w h ile  th e  c o rre sp o n d in g  f i g u r e s  f o r
h e r i t a b i l i t y  w ere  o f  th e  o rd e r  0 .2 5 - 0 .3 0 ,  0 .1 0 -0 .1 5  and
0 .5 0 -0 .6 0  r e s p e c t i v e l y .
i
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A ppendix T ab le  1 
A verage i n i t i a l  m ilk  y ie ld  ( l b . )  from  1950 t o  1958 In  12 h e rd s
Herd 1930 1931 1932 1933 1934 1935 1936 1937
------------ II
1938
A 3 0 0 0 .7 3 0 5 1 .3 2961 .9 3094 .3 312 7 .9 2795 .8 3 0 5 6 .1 2896 .2 2954.3
B 2 9 1 7 .7 2835 .5 £ 0 9 3 .4 3 2 7 0 .1 3 4 5 5 .3 3 4 6 2 .0 3 7 0 1 .8 3 4 5 6 .0 3 5 6 4 .4
C 2 9 3 0 .9 2925 .7 2942 .8 2898 .2 3 0 6 8 .2 2 9 8 7 .1 2821 .3 2892.5 3 0 0 9 .7
D 2 7 3 5 .2 2 7 4 6 .9 291 1 .0 2542.5 2 51 8 .9 2 7 0 7 .2 2 7 7 0 .1 2776 .6 2961 .8
E 2 6 8 0 .9 2723 .8 2 5 2 8 .1 2795 .9 2677 .0 2 6 1 2 .4 2 8 8 2 .1 2776 .3 2924 .1
P 2996 .4 2998 .3 3 2 8 7 .0 3 2 1 1 .2 3532 .5 3 62 3 .9 3 5 2 2 .9 3 5 9 7 .1 3 4 3 1 .4
G 2 9 1 0 .1 2693 .6 2 82 9 .1 2620 .2 2666 .3 2 8 9 8 .4 3408 .5 3161 .5 3208 .8
H 2 6 4 4 .3 2 8 4 3 .1 3015 .4 3 2 2 0 .3 3 0 9 4 .2 2769 .5 2 6 7 1 .4 2723 .8 2 8 4 9 .1
I 2 6 8 9 .1 2474 .5 227 4 .2 2634 .5 2528 .0 268 9 .2 2823 . 6. 283 2 .2 2 7 1 2 .7
J 3 0 0 4 .6 2 7 3 4 .2 2 92 0 .6 3 1 0 4 .2 3266 .4 3496 .3 3 348 .6 3213 .3 3 0 2 6 .2
K 3 1 8 8 .6 3 2 2 0 .2 3211 .8 3 0 4 1 .3 3 0 5 5 .3 2 7 2 6 .1 2 923 .9 3 0 2 7 .4 2949 .3
L 3 1 0 2 .4 3 1 3 0 .8 3 4 6 7 .2 3 6 5 9 .9 3 7 2 8 .2 339 1 .5 3 5 5 6 .7 3 6 0 8 .0 2 823 .7
A ver­
age 2856 .4 2 8 3 9 .1 2935 .2 2933 S 2983 .9 2969 .7 3073 .0 2 999 .0 3 0 1 1 .6
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A ppendix  T ab le  2 
A verage 180 day m ilk  y i e ld  ( l b . )  from  1930 t o  1958 in  12 h e rd s
Herd 1930 1931 1932 1933 1934 1935 1936 1937 1938
A 6 7 8 4 .1 7038 .8 6 6 2 5 .2 7 0 7 3 .1 6 9 9 1 .1 6457 .0 681 3 .0 6641 .9 6 5 8 3 .1
B 6663 .8 6 6 2 5 .2 713 3 .6 7477 .5 7 6 6 2 .4 7 7 1 1 .9 8408 .5 7960 .6 7912 .6
C 6 6 7 6 .2 6 4 1 7 .1 6 7 6 2 .7 6540 .1 6 82 4 .8 6 9 3 9 .0 6 4 0 6 .9 6 494 .4 6654 .0
D 5 9 7 3 .4 6 1 8 6 .2 6 5 0 4 .8 5 9 8 5 .1 5 6 4 8 .3 5915 .8 6 3 2 8 .2 5 9 9 7 .8 6479 .0
E 6 0 2 1 .2 6 0 8 4 .9 5 4 8 3 .4 6 0 8 1 .4 6027 .3 5 9 0 5 .9 6184 .0 6157 .9 6381 .4
P 6798 .5 6 7 6 1 .2 7 3 8 5 .4 7423 .5 7 8 6 7 .1 7723 .6 7 57 1 .8 7760 .6 761 7 .0
G 6 4 3 0 .2 5 8 6 5 .4 6453 .4 5 6 7 7 .7 5 7 6 4 .5 6 2 7 1 .7 7148 .3 6940 .8 7 0 4 8 .6
H 5 8 9 1 .0 6356 .3 676 9 .4 7 1 2 1 .0 6 8 7 2 .5 6 3 8 8 .4 5857 .5 6142 .6 6 1 8 1 .2
I 5 9 6 1 .2 5 8 6 9 .2 5 6 0 4 .9 607 7 .3 5 9 1 7 .7 6 1 8 1 .6 6502 .5 6561 .5 6 4 5 1 .1
J 6 5 6 7 .7 6 2 0 0 .3 6 6 0 2 .6 7 1 7 0 .9 7 5 8 7 .9 7 5 7 6 .1 7 4 3 1 .2 7 1 9 9 .7 6 4 0 0 .1
K 6 7 1 3 .4 6 8 9 9 .0 6913 .3 657 1 .6 6 5 3 5 .4 5 8 7 6 .1 6011 .5 6285 .4 6305 .3
L 7 0 4 3 .9 6898 .5 8 0 7 2 .7 8325 .5 8 2 9 1 .5 7 6 7 8 .2 769 9 .3 7637 .3 6 3 6 7 .8
A ver­
age 6 3 3 9 .0 6 3 9 1 .1 6627 .2 6680 .5 6 6 9 1 .8 6 5 9 9 ,7 6 7 8 8 .2 663 0 .0 6631 .2
Month of 
c a lv in g H erd A H erd B Herd C H erd D H erd E Herd F Herd G Herd H Herd I Herd J Herd K Herd L
Ja n u a ry 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
F e b ru a ry 0 .9 9 0 0 .9 6 1 1.012 0 .9 8 4 0 .9 2 3 1.030 1 .0 0 4 1 .033 1.027 0.918 1.034 1 .073
March 1 .0 2 9 1.012 0 .9 9 0 0 .9 8 1 0 .8 5 2 0.999 1 .015 0 .9 8 2 1.020 0.933 0 .9 2 2 0 .9 0 6
A p r i l 0 .9 9 4 1 .028 1 .040 0 .9 8 8 0 .8 8 2 1.053 1 .0 5 1 0 .9 3 6 1 .050 0 .924 1 .056 0 .983
May - 1.000 1 .019 1 .018 0 .8 3 4 1.073 1 .0 4 4 0 .9 9 4 1.078 1 .005 1 .094 0 .8 4 9
June 1 .0 3 0 1 .241 1 .023 1 .0 4 1 0 .8 7 8 1.180 1 .3 2 1 1 .089 1 .089 0 .9 4 4 1.101 0 .946
J u ly 1 .083 1 .1 8 5 1 .170 1 .0 5 2 0 .9 3 5 1.063 1.122 1 .134 - 0 .982 1.101 0 .995
A ugust 1.022 1 .1 0 3 1 .085 1.021 0 .9 7 0 1.123 1 .1 7 2 1 .096 - 1.056 1 .076 0 .939
S ep tem ber 1 .0 5 8 0 .9 5 2 1 .073 0 .948 0 .9 4 5 1.038 1.121 1 .049 1.105 0 .989 1 .096 0 .919
O c to b e r 1 .0 7 1 1 .023 1.100 0 .9 6 6 0 .9 4 0 1.041 1 .1 4 2 1 .024 0.987 0 .933 0 .983 0 .9 8 2
November 1 .0 7 1 1 .0 1 9 1 .058 0 .9 9 3 0 .9 5 1 1 .064 1 .0 5 2 1 .044 1.002 0.870 1.015 1.020
December 1.021 1 .127 1.102 0 .9 9 8 0 .995 0.969 1 .0 8 3 0 .985 0 .994 1.007 0 .946 0 .9 9 1
Appendix Table 3
C o r r e c t io n  f a c t o r s  f o r  m onth  o f c a lv in g  w i th in  
h e r d s ,  f o r  180 day  m ilk  y i e l d
A ppendix  T a b le  4 
C o r r e c t io n  f a c t o r s  f o r  age  *
1s t
L a c t­
a t i o n
a t  c a lv in g 2nd
L a c t­
a t i o n
3 rd
L a c t­
a t i o n
4 th
L a c t­
a t i o nY ears Months





11 1 .1 9 4 1 .092
1 .177 1 .077 1 .079
1 .063 1 .067







* B ased on th e  n e t  r e g r e s s io n  o f y i e ld  on a g e ,  
w i th  th e  l e n g th  o f  p re c e d in g  c a lv in g  i n t e r v a l  
h e ld  c o n s t a n t •
The a v e ra g e  y ie ld  d u r in g  th e  5 t h  l a c t a t i o n  a f t e r  
c o r r e c t i o n  f o r  month of c a lv in g  was u se d  a s  th e  
s ta n d a r d  f o r  th e  c a l c u l a t i o n  o f th e  above 
c o r r e c t i o n  f a c t o r s •
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Appendix Table 5
C o rre c tio n f a c to r s  f a r  le n g th  o f preceding
ca lv in g  I n te r v a l  *
P re c e d in g
c a lv in g
i n t e r v a l  (d a y s )
2nd
L a c t­
a t i o n
3 rd
l a c t ­
a t i o n
4 th
l a c t ­
a t i o n
5 t h  & 
l a t e r  
l a c t ­
a t i o n s
301-320 1 .0 3 4 1 .023 1 .0 2 4 1 .0 3 9
321-340 1 .028 1 .017 1 .017 1 .029
341-360 1.021 1.011 1.011 1 .019
361-380 1 .0 1 5 1 .005 1 .0 0 4 1 .0 0 9
381-400 1 .0 0 8 1.000 0 .998 1.000
401-420 1.002 0 .9 9 5 0 .9 9 2 0 .9 9 1
421-440 0 .9 9 6 0 .9 9 0 0 .985 0 .9 8 2
441-460 0 .9 9 0 0 .9 8 5 0 .9 7 9 0 .9 7 3
461-480 0 .9 8 4 0 .9 7 9 0 .9 7 2 0 .9 6 4
481-500 0 .9 7 8 0 .9 7 4 0 .9 6 6 0 .9 5 5
* B ased on th e  n e t  r e g r e s s io n  o f y ie ld  on le n g th  o f 
p re c e d in g  c a lv in g  i n t e r v a l ,  w i th  th e  age  a t  c a lv in g  
h e ld  c o n s t a n t .  I n  t h e  c a se  o f  th e  5 th  and  l a t e r  |
l a c t a t i o n s ,  how ever, th e  t o t a l  r e g r e s s io n  o f  y i e l d  on i
l e n g th  o f  p re c e d in g  c a lv in g  i n t e r v a l  was u se d  a s  th e  j
b a s i s  f o r  th e  c o r r e c t i o n s .  j
The s ta n d a r d  l e n g th  o f  th e  p r e c e d i r ^  c a lv in g  i n t e r v a l  
was so  c h o se n  t h a t  th e  a v e ra g e  y £ e ld  f o r  t h e  p o p u la t io n  
rem a in e d  p r a c t i c a l l y  unchanged  by  th e s e  c o r r e c t i o n s .  |
The s ta n d a r d  was t h e r e f o r e  d i f f e r e n t  f o r  d i f f e r e n t  
l a c t a t i o n s •
Appendix Table 6
E s t im a t io n  o f  s e l e c t i o n  d i f f e r e n t i a l  from  
c u l l i n g  p r a c t i s e d  i n  12 h e rd s
Herd
S e l e c t i o n  
d i f f e r e n t i a l  
on 1s t  l a c t ­
a t i o n .
( g a l l o n s )




d a u g h te rs  
i n  h e rdBased on 1s t  
l a c t a t i o n  
( g a l l o n s )
Based on 
1 s t - 4 t h  
l a c t a t i o n s
A + 1 8 .4 + 7 .8 +22.1 76
B + 56 .3 +20 .3 + 3 6 .4 37
C + 3 5 .6 + 1 7 .2 + 57 .7 39
D + 10 .5 + 14 .8 + 1 4 .1 166
E +10.1 + 4 .5 +12.1 43
P +20.0 + 1.6 + 2.0 95
g + 4 8 .9 + 5 .9 + 3 1 .0 56
H + 32 .6 + 7 .6 + 27 .5 77
I + 3 4 .2 + 1 5 .4 + 37 .2 65
J + 7 .3 + 27 .3 +22.6 71
K + 16 .3 -  4 .9 -1 5 .2 58 ‘
L + 3 6 .4 + 11 .3 + 3 5 .4 47
A ppendix  T ab le  7 
E s t im a tio n  o f  g e n e t i c  Im provem ent In  12 h e rd s
Herd
' Herd 
a v e ra g e  
( g a l l o n s )
T o ta l
g e n e ra ­
t i o n
le n g th
( l l )
( y e a r s )
G e n e tic  
s u p e r i o r ­
i t y  o f 
dams
( g a l l o n s )
G e n e tic  
im prove­
ment p e r  
y e a r
( g a l l o n s )
P e r c e n t ­
age 
im prove­
m ent p e r  
y e a r
A 950 1 7 .2 +22.1 + 1 .3 + 0 .1 4
B 1050 1 5 .9 + 3 6 .4 + 2 .3 +0.22
C 950 22.0 +57.7 +2.6 + 0 .27
D 850 1 9 .8 + 14 .1 + 0 .7 + 0 .08
E 850 20.6 +12.1 +0.6 + 0 .07
F 1050 19 .5 + 2.0 +0.1 +0.01
G 900 1 7 .9 + 31 .0 + 1 .7 + 0 .19
H 900 1 8 .7 + 27.5 + 1 .5 + 0 .1 7
I 900 2 0 .5 + 3 7 .2 +1.8 +0.20
J 1000 20.8 +22.6 +1.1 +0.11
K 900 1 8 .8 -1 5 .2 - 0.8 -0 .0 9
L 1100 21.8 +35.4 +1.6 +0.15
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A ppendix  T ab le  8 
A verage  p e r s i s t e n c y  fro m  1930 to  1958 in  12 h e rd s
Herd 1930 1931 1932 | 1933 1934 1935 1936 1937
----------- 1
1938
A 1 .2 6 7 2 1 .3413 1 .2 5 6 4 1 .2919 1 .2425 1 .3158 1.2335 1 .3002 1 .2195
B 1 .2 7 2 7 1.3435 1 .3124 1 .2840 1 .2 2 3 1 1 .2288 1.2865 1 .3231 1 .2409
C 1 .2 8 5 4 1 .2 1 3 0 1 .3107 1 .2679 1 .2419 1 .3370 1 .2707 1.2461 1 .2234
D 1 .2005 1 .2 5 8 1 1 .2391 1 .3606 1 .2606 1 .1921 1 .3015 1.1656 1.2002
E 1 .2 6 3 6 1 .2264 1 .1329 1 .1 7 8 6 1 .2581 1 .2626 1.1509 1.2383 1 .2094
P 1 .2 8 2 0 1 .2658 1 .2577 1 .3170 1 .2 3 0 2 1 .1373 1.1624 1.1609 1 .2205
a 1 .2 0 9 2 1 .1 8 2 3 1 .2833 1 .1716 1 .1634 1 .1608 1.1015 1 .2038
!
1 .2005
H 1 .2 3 2 1 1 .2 4 0 1 1.2526 1 .2168 1 .2385 1 .3154 1 .2024 1 .2658 1 .1 7 2 8
i 1 .2 2 6 2 1 .3 8 5 0 1 .4882 1 .3133 1 .3645 1 .3 1 3 4 1 .3 1 2 1 1 .3287 1 .3805
j 1 .1910 1 .2 8 6 4 1 .2 6 9 2 1 .3 1 9 1 1 .3 3 4 3 1 .1814 1 .2378 1 .2494 1 .1 2 4 0
K 1 .1 3 7 1 1 .1 4 6 1 1 .1 5 6 2 1 .1709 1 .1 4 8 4 1 .1 7 3 2 1 .0621 1 .0908 1 .1 3 8 4
L 1 .2921 1 .2 0 9 4 1 .3 4 7 8 1 .2948 1 .2 4 3 2 1 .2709 1 .1 8 0 4 1 .1177 1 .2 5 4 4
Aver­
age 1 .2303 1 .2635 1 .2685 1 .2 8 5 9 1 .2565 1 .2338 1 .2230 1 .2206 1.2100
Month of 
ca lv in g
Herd A H erd B H erd C H erd D H erd E Herd F Herd G Herd H Herd I Herd J Herd K Herd L
Ja n u a ry 1.000 1.000 oo.
H
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
F e b ru a ry 0 .9 8 0 1 .0 0 6 0 .9 8 1 1 .029 0 .900 0.975 0 .9 7 1 0 .998 0.986 0 .984 0 .881 0 .9 5 6
March 1 .0 5 0 1 .0 6 4 1 .0 6 6 1.112 0 .9 9 0 0.959 0 .9 7 6 1.011 1.026 1.013 0 .9 1 2 0 .921
A p r i l 1 .180 1 .1 0 4 1 .1 7 4 1 .2 6 4 1.101 1.027 1 .0 9 4 1.011 1 .219 1.109 0 .957 1 .073
May - 1 .1 8 1 1 .143 1 .3 7 4 1.101 1.021 1 .1 2 6 1 .193 1.344 1 .162 1.050 1 .1 5 4
June 1 .1 6 0 1 .349 1 .145 1 .366 1 .1 6 8 1.126 1 .2 8 0 1.210 1.413 1 .118 1 .093 1.202
J u ly 1 .1 5 0 1 .3 1 2 1 .1 0 6 1 .2 9 0 1 .155 0.980 1 .0 5 9 1 .035 - 1 .065 0 .985 1 .038
A ugust 1 .1 3 6 1 .039 1 .156 1 .238 1 .103 1.048 1 .0 5 9 1.022 - 1.122 0 .9 6 3 1 .3 5 2
S ep tem b er 1 .0 6 8 1.020 1 .0 8 6 1 .0 5 8 1 .0 6 8 0 .978 1 .0 1 6 1.021 1.378 1.069 0 .9 4 8 1 .026
O c to b e r 1 .0 5 0 1.022 1 .0 7 9 1 .0 7 2 1.011 1.036 1 .0 5 6 1 .0 2 9 1 .204 1.033 0 .966 1 .054
November 1 .0 1 9 1 .063 1 .016 1 .050 1 .035 1 .024 1 .045 1 .044 1.147 1.022 0 .9 4 5 1 .064
December 1 .0 6 8 1 .030 0 .9 4 5 1 .050 0 .9 0 5 0 .985 1 .055 1 .035 1 .086 1.006 0 .9 2 4 0 .9 7 8
A ppendix  T a b le  9 
C o r r e c t io n  f a c t o r s  f o r  m onth  o f  c a lv in g
w i th in  h e rd s  f o r  p e r s i s t e n c y
it
Appendix Table 10 j
! A verage  b u t t e r f a t  p e rc e n ta g e  fro m  1930 to  1958 In
I 12 h e rd s
I -----------------j
Herd 1930 1931 1932 1933 1934 1935 1936 1937 1938
A 4 .2 5 4 .1 7 4 .2 6 4 .2 2 4 .2 0 4 .1 2 4 .0 8 4 .0 9 4 .0 0
B 3 .8 1 3 .7 9 3 .9 5 3 .8 2 4 .0 2 3 .8 3 4 .1 8 4 .2 8 4 .0 4
C 4 .0 1 4 .1 8 3 .9 7 4 .1 0 4 .2 0 4 .1 8 4 .3 9 4 .4 4 4 .3 9
D 3 .7 7 3 .8 2 3 .8 6 3 .8 5 g  .98 3 .8 6 3 .7 7 3 .7 7 3 .8 0
E 3 .92 3 .9 0 3 .9 7 3 .9 3 4 .0 2 3 .7 3 3 .7 6 3 .8 8 3 .9 3
F
i




3 .8 4 3 .8 1 o .9 2 4 .1 1 4 .0 6 3 .9 8 3 .8 8 3 .9 1 o .85
H 3 .9 3 4 .2 3 4 .2 7 4 .2 5 4 .2 1 4 .2 9 4 .2 8 4 .1 1 4 .2 1
I 3 .8 1 3 .8 3 3 .8 2 3 .9 4 3 .9 9 3 .9 6 3 .9 8 4 .0 5 3 .9 9
J 4 .0 1 3 .9 5 4 .0 8 4 .0 6 4 .1 1 4 .0 0 3 .9 8 4 .0 6 3 .9 5
K 3 .8 7 3 .9 6 3 .7 5 3 .8 2 o .80 3 .6 9 3 .7 1 4 .0 6 4 .0 9
L 4 .0 1 4 .0 4 4 .3 4 4 .3 0 4 .2 6 4 .2 1 4 .3 0 4 .2 1 4 .4 7
A ver
a g e 3 .9 1 3 .9 7 4 .0 2 4 .0 2 4 .0 7 3 .9 8 3 .9 9 4 .0 1 3 .9 9
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Appendix Table 11
A n a ly s is  o f  v a r ia n c e  o f t h e  a g e - c o r r e c te d  180 day  m ilk  
y i e ld s  o f 177 cow s, each  o f  w hich had com pleted  th e  
f i r s t  th r e e  l a c t a t i o n s  o n ly
S o u rc e d . f . Mean sq u a re C om position  o f mean s q u a re
V a ria n ce
component
B etw een h e rd s
B etw een cows 
w i t h in  h e rd s
W ith in  cows




r r e l a t i
2 3 ,5 0 1 ,9 7 5
2 ,0 0 3 ,1 5 1
7 21 ,522
.on w i th in  her
^2+3fc2+niV
V^c8
^ c 2ds = 0
6" 2+ £-2 
w c
5 0 5 ,7 3 6
427 ,210
721 ,5 2 2
= 0 .3 7 2
A ppendix  T ab le  12
A n a ly s is  o f  v a r ia n c e  o f  th e  p e r s i s t e n c y  of 177 cow s, 
e a c h  o f w h ich  had  co m p le ted  th e  f i r s t  t h r e e  l a c t a t i o n s  o n ly
S o u rce d . f
Mean 
s qua r e
C om position  o f  mean 
s q u a re
V a r ia n c e
component
B etw een lac ta tio n s
B etw een h e rd s
H erd l a c t a t i o n  
i n t e r a c t i o n
11
22
B etw een cows w i th ­
i n  h e rd s  165
R em ainder 330
0 .6555
0 .1299
0 .0 5 7 6
0 .0578








0 .0 0 3 4
0.0011
0 .0 0 1 9
0 .0 0 9 2
0 .0 3 0 2
In tra -c o w  c o r r e l a t i o n  w i th in  h e rd s  a f t e r  e l im in a t io n  o f 
v a r ia n c e  due t o  a g e ,




A n a ly s is  o f  v a r ia n c e  o f  th e  b u t t e r f a t  p e rc e n ta g e  o f  
177 cow s, each  o f  w h ich  had  com p le ted  th e  f i r s t  t h r e e
l a c t a t i o n s  o n ly
--------------- -------
S o u rce d . f . Meansq u a re
C om position  o f  mean 
sq u a re
V a ria n ce
component
B etw een l a c t a t i o n s 2 1 .4 8 2 1 6" 2+ i 7 7 ^ 2+n G 2 W L o H I 0 .0 0 8 2
B etw een h e rd s 11 1 .1 8 0 4 S 2+3erG2+no^HL2+nf H 2 0 .0 2 3 6
Herd l a c t a t i o n  
i n t e r a c t i o n 22 0 .0 3 4 5 0 .0 0 0 8
B etw een cows w i th ­
i n  h e rd s 165 0 .1 6 3 9 <s~ z+5<r 2 w c 0 .0 4 6 9
R em ainder 330 0 .0 2 3 3 <r 2 % 0 .0 2 3 3
In tra -c o w  c o r r e l a t i o n  w i th in  h e rd s  a f t e r  2 
e l im in a t io n  o f v a r ia n c e  due  to  age s _ ^ =
6" V  2 
W C
0 .6 6 8
A ppendix  T ab le  14
A n a ly s is  o f  v a r ia n c e  o f  th e  a g e - c o r r e c te d  180 day  m ilk  
y i e l d s  o f 505 cow s, e a c h  of w h ich  had co m p le ted  th e  
f i r s t  t h r e e  l a c t a t i o n s  o r more
S o u rc e d . f . Mean s q u a re
C om position  o f 
mean sq u a re
V a ria n ce
component
B etw een h e rd s
Betw een cows 
w i th in  h e rd s
W ith in  cows 




J la t io n
5 7 ,3 4 4 ,9 4 5
2 ,2 0 6 ,3 8 1
586 ,017
w i th in  h e rd s
Cr« 2+3^G2+nf r i2
*  w2+s * c 2
6~c 2
456 ,105
540 ,1 2 1
586 ,017
0 .4 8 0
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A ppendix  T a b le  15 
A n a ly s is  o f  v a r ia n c e  o f th e  p e r s i s t e n c y  o f 505 cow s, e ac h  
of w hich had  co m p le ted  th e  f i r s t  t h r e e  l a c t a t i o n s  o r more
S o u rc e d . f .
05 Mean 
s q u a re
C om position  o f
mean s q u a re
V a ria n ce
component
B etw een l a c t a t i o n s 2 2 .7342 <Si2+5036£2+nô L2 0 .0 0 5 3
B etw een h e rd s 11 0 .5 2 8 0 S f 2+36C2+nog HL2+nl6E2 °*00S5
H erd l a c t a t i o n  
i n t e r a c t i o n 22 0 .0 7 8 9 6~W2+no6HI.2 0 .0013
B etw een cows w i th ­
in  h e rd s 491 0 .0507 V +3^ 2 0 .0083
R em ainder 982 0 .0259 S 2 0 .0259
I n t r a - c o w  c o r r e l a t i o n  w i th in  h e rd s  a f t e r  g - 2  
e l im in a t io n  o f  v a r ia n c e  due to age - C . =
1  C
0 .243
A ppendix  T ab le  16
A n a ly s is  o f v a r ia n c e  o f th e  b u t t e r f a t  p e rc e n ta g e  o f  503 cow s, 
e a c h  o f w hich  had  co m p le ted  th e  f i r s t  t h r e e  l a c t a t i o n s  o r m ore
S o u rc e d . f .
Mean 
s quare
C om position  o f
mean s q u a re
V a ria n c e
component
B etw een l a c t a t i o n s
B etw een h e rd s
H erd l a c t a t i o n  
I n t e r a c t i o n
B etw een cows w i th ­
in  h e rd s
R em ainder
In tr a -c o w  c o r r e l a t  






io n  w 
ia n c e
3 .1 9 7 3
2 .4 6 3 2
0 .0 8 7 1
0 .1 7 2 4
0 .0 2 3 2
i t h i n  he i 
due t o  £






»ds a f t e r  <5- 2
ig« * C =
<T 2+6~ 2 
1 C
0.0 0 6 2  
32 0 .0184
0 ,0016
0 .0 4 9 7
0 .0 2 3 2
0 .6 8 2
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A ppendix  T ab le  17 
A n a ly s is  o f v a r ia n c e  o f  th e  a g e - c o r r e c te d  180 day  m ilk  
y i e ld s  o f  508 cow s, each  o f  w h ich  h a d  co m p le ted  th e  f i r s t
two l a c t a t i o n s  o n ly
S o u rc e d * f • Mean sq u a re
C om position  o f 
mean sq u a re
V a ria n c e
com ponent
Betw een h e rd s 11 2 2 ,8 2 3 ,5 2 8 ^ l 2+2^c2+ni<^j2 416,565
B etw een cows
w i th in  h e rd s 296 2 ,0 7 0 ,2 5 5 7 0 5 ,8 7 4
W ith in  cows 308 658 ,508 6  2 W
2
6 58 ,508
In tr a -c o w  c o r r e l a t i o n  w i th in  h e rd s  = °  = 0*517
6" 2+ ^  2
1  C
A ppendix T ab le  18
A n a ly s is  o f  v a r ia n c e  o f th e  p e r s i s t e n c y  o f  508 cow s, each  
of w h ic h  had  c o m p le te d  th e  f i r s t  two l a c t a t i o n s  on ly
S o u rc e d . f .
Mean
s q u a re
C om position  o f mean 
sq u a re
V a ria n c e
com ponent
Betw een lac ta tio n s 1 2 .4285 6 w2+308<TL2+n0<SHL2 0 .0 0 7 8
Betw een h e rd s 11 0 .1 6 8 1 6  Uf^+2^ c^ +n 0̂ HL^+El^H 2 0 .0 0 2 3
Herd l a c t a t i o n  
i n t e r a c t i o n 11 0 .0 3 0 3 0.0002
B etw een cows 
w i th in  h e rd s 296 0 .0 5 0 1 <̂ i '2+2(5c 2 0 .0 1 2 4
R em ainder 296 0 .0 2 5 3 g ' 2 W 0.0253
In tr a -c o w  c o r r e l a t i o n  w i th in  h e rd s  a f t e r  
e l im in a t io n  o f  v a r ia n c e  d u e  to  ag e  = C -
C  2
0 .3 2 9
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Appendix Table 19
A n a ly s is  o f v a r ia n c e  o f  th e  b u t t e r f a t  p e rc e n ta g e  o f  508 
cow s, each  o f w hich  had  co m p le ted  th e  f i r s t  two l a c t a t i o n s  o n ly
S o u rc e  d . f . Means q u a re
C om position  o f  
mean s a u a re
V a ria n c e
co n so n an t
Betw een lac ta tio n s  1
!
B etw een  h e rd s  11
Herd l a c t a t i o n
i n t e r a c t i o n  11
B etw een cows
w i t h in  h e rd s  296
R em ainder 296
In tra -c o w  c o r r e l a t i o n  
e l i m in a t i o n  o f  v s r i a n c
3 .3 2 1 0
1.3277
0 .0 2 7 3
0 .1 5 3 4
0 .0 2 7 2
w ith in  h 
e due tc
^ j 2+ 3 0 8 ^ 2+no<rHL2




Lerds a f t e r  g  2  
ag e  ■ ^ » (
S 2+6c 2




0 .0 2 7 2
) .699
A ppendix  T a b le  20 
A n a ly s is  o f  v a r ia n c e  o f th e  a g e - c o r r e c te d  180 day  m ilk  y ie ld s  
o f  811 cows j each  o f  w hich  h a d  com pleted  th e  f i r s t  two l a c t a -
t io n s  o r  more
S o u rc e d . f . Mean s q u a re C om position  o f mean sq u a re
V a ria n c e
com ponent
B etw een h e rd s
B etw een cows 
w i th in  h e rd s
W ith in  cows 




» e la t io
6 0 ,2 9 6 ,4 1 9
1 ,8 3 0 ,6 7 1  
5 5 3 ,2 6 2
n w i th in  herd
<T82+2<Tc 2+n1̂ H2
e  w2+2<5c 2
" V
447 ,6 7 0
638 ,705
5 5 3 ,2 6 2
0 .536
160
Appendi x Table 21 .
A n a ly s is  o f v a r ia n c e  o f t h e  p e r s i s t e n c y  o f 811 cow s, e a c h  
o f w h ich  h a d com ple ted  th e  f i r s t  two l a c t a t i o n s  o r  more
---- ------ — -
S o u rce d . f . Meansq u a re
C om position  o f mean 
sq u a re
V a ria n ce
component
B etw een la c ta tio n s 1 6 .5 5 5 7 <ri®2+ 81l6LZ+ n 'fBL2 0 .0 0 8 0
B etw een h e rd s 11 0 .4 6 4 4 * S(2+2<5'c2+no6HL2+nl6 H2 0 .0029
H erd l a c t a t i o n  
i n t e r a c t i o n 11 0 .0 6 5 9 2 , 2 W o^IL 0 .0 0 0 7
Betw een cows 
w i th in  h e rd s 799 0 .0425 6~ 2+ 2 ^  2 1 C 0.0099
R em ainder 799 0 .0 2 2 7 2 0 .0227
In tra -c o w  c o r r e l a  
e l im in a t io n  o f  v a
t i o n  w 
r ia n c e
i t h i n  he 
due to
r d s  a f t e r  g
ag e  » c .  0 . 304
A ppendix T ab le  22 
A n a ly s is  o f v a r ia n c e  o f t h e  b u t t e r f a t  p e rc e n ta g e  o f  811 cow s, 
e a c h  of w h ich  had  com ple ted  th e  f i r s t  two l a c t a t i o n s  or m ore
S o u rce d . f .
Mean
sq u a re
C om position  o f mean 
s q u a re
V a ria n c e
com ponent
B etw een la c ta tio n s  
B etw een h e rd s
H erd l a c t a t i o n  
i n t e r a c t i o n
B etw een cows 
w i th in  h e rd s
R em ainder
I n t r a - c o w  c o r r e la i  






b ion  w 
d a n c e
7 .0 3 2 2
2 .7 0 1 1
0 .1 0 1 6
0 .1 3 6 7
0.0222
i t h i n  h e  
due to
2+81 l^ L 2+no^HL2 
< ^ 2+2^q 2+ n ^ jjL 24" n l^H 2
<S f 2+no6 HL2
s w
<S" 2 W
rd s  a f t e r  <$~ g
age  a ® = <
<f 2+6~ 2m e
0 .0085 
0 .0 1 9 0
0.0012
0 .0573
0.0222
D.721
-
